Studies in the Azulene and Tropolone Series by Somerville, Andrew R
STUDIES I3ST THE AZULBKS AETD TBQPQLQUB 3BBIE3«
A (Thesis f o r  th e  degree o f  Ph.D .
AETDBBff B. SOMERVILLE, B . S o . ,  A .B . I .Q .
Glasgow U n iv e r s ity Septem ber, 1949 ,
ProQuest Number: 13870200
All rights reserved
INFORMATION TO ALL USERS 
The qua lity  of this reproduction  is d e p e n d e n t upon the qua lity  of the copy subm itted.
In the unlikely e ve n t that the au tho r did not send a co m p le te  m anuscrip t 
and there are missing pages, these will be no ted . Also, if m ateria l had to be rem oved,
a no te  will ind ica te  the de le tion .
uest
ProQuest 13870200
Published by ProQuest LLC(2019). C opyrigh t of the Dissertation is held by the Author.
All rights reserved.
This work is protected aga inst unauthorized copying under Title 17, United States C o de
M icroform  Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 4 81 06 - 1346
Acknowledgm ents.
The a u th o r  w ish e s  t o  th a n k  P r o f e s s o r  J.W . Gook, D .S c . ,
Jf*.R.S. f o r  h i s  c o n s t a n t  h e lp  and i n v a r i a b l e  encouragem ent 
th ro u g h o u t  t h i s  w ork .
M ic ro a n a ly s e s  w ere  c a r r i e d  ou t b y  Mr. J .M .L . Gameron 
and M iss R.H. Kennaway.
f o r  p e rm is s io n  to  work i n  t h e  l a b o r a t o r i e s  o f  t h e  
E id g e n S s s is c h e  f e c h n i s c h e  H o c h sc h u le ,  Z llr ich ,  from  May t o  
Septem ber 1948, t h e  a u th o r  i s  i n d e b te d  to  P r o f e s s o r  L . R u z ick a ;  
and f o r  v a lu a b le  adv ioe  d u r in g  t h i s  p e r i o d ,  to  P r o f e s s o r  P .A . 
P l a t t n e r  and D r .  A. E t l r s t .  M io ro a n a ly se s  i n  t h i s  s e c t i o n  
were c a r r i e d  o u t  by  H e r r  W. M anser.
E or a  M ain tenance  A llow ance d u r in g  1945-46 th e  a u th o r  
i s  i n d e b te d  to  t h e  D epartm ent o f  S c i e n t i f i c  and I n d u s t r i a l  
R e se a rc h ,  and f o r  a  g r a n t  to w a rd s  e x p en se s  i n  Z tlr ich  to  th e  
U n i v e r s i t y  o f  Glasgow.
0 o n t  e n t s .
P a r t  I
P a r t  I I
R e f e r e n c e s :
Azulenes* 1
E x p e r im e n ta l*  58
B ib l io g ra p h y *  71
T ropolones*  74
Exp e r im en t  a l * 95
113 .
P a r t  I  -  A z u le n e s .
Summary.
A new s y n t h e s i s  o f  a z u le n e  i s  d e s c r i b e d .  Suberone  
i s  co ndensed  w ith  d i e t h y l  s u o o in a te ,  t h e  p r o d u c t  (X X III)  
o y c l i s e d  and t h e  r e s u l t i n g  k e t o - e s t e r  h y d ro ly s e d  and d e o a r -  
b o x y la t e d  to  1 - k e to - o o ta h y d r o a z u le n e  (XXIV). T h is  h a s  b e e n  
re d u c e d  by  alum inium  i s o p r o p o x id e  to  t h e  c o r r e s p o n d in g  
o a r b i n o l , and by  t h e  Clemmensen m ethod, a f t e r  h y d r o g e n a t io n  
o f  t h e  d o u b le  bond , to  d e o a h y d r o a z u le n e . These p r o d u c t s  
h av e  b e e n  d e h y d ro g e n a te d  to  g iv e  a z u le n e  i n  s m a l l  y i e l d s .
The s y n t h e s i s  o f  1 -p h e n y la z o le n e  from  t h e  k e to n e  
XXIV was a t t e m p te d ,  b u t  h a s  n o t  b e en  s u o o e s s f u l .
A s i m i l a r  c o n d e n s a t io n  o f  2 : 3 -b e n z o su b e ro n e  w i th  
d i e t h y l  s u o o in a te  f o l lo w e d  b y  o y c l i s a t i o n  e t c .  l e d  t o  
1 - ke t  oh ex ahy d rob enz az u l  ene (XXXII) w hich  h a s  b e e n  re d u c e d  b y  
v a r i o u s  m eans, b u t  d e h y d ro g e n a t io n  o f  th e  r e d u c t i o n  p r o d u c t s  
t o  4 : 5 -b e n z a z u le n e  h a s  n o t  been  a c c o m p l ish e d .
2 -M e th y l-6- o a rb  e th o x y  a z u le n e  h a s  b e e n  p r e p a r e d  b y  
t r e a tm e n t  o f  2-m e th y l  in d a n e  w ith  d i a z o a c e t i o  e s t e r  and 
d e h y d ro g e n a t io n  o f  t h e  p r o d u c t .  T h is  h a s  b e e n  h y d r o ly s e d  
t o  t h e  f r e e  a c i d , ammonolysed t o  t h e  am id e , and red u o ed  
w i th  l i t h i u m  alum inium  h y d r id e  to  2-m e th y l  - 6-h y d ro x y m e th y l- 
a z u l e n e . A tte m p ts  a t  Hofmann d e g r a d a t io n  o r  l i t h i u m  
alum inium  h y d r id e  r e d u o t io n  o f  t h e  am ide, i n  o r d e r  t o  
o b t a i n  am ines , were u n s u c c e s s f u l .
E a r l y  w ork .
The name a z u le n e  was f i r s t  g iv e n  t o  th e  b l u e  c o l o u r ­
e d )
in g  m a t t e r  o f  oamomile o i l  , which h a s  b e e n  u se d  as  a 
s o o th in g  a g e n t  f o r  b u r n s  and s k in  i r r i t a t i o n s  f o r  a  v e ry  
lo n g  t im e .  About 50 o t h e r  e s s e n t i a l  o i l s  e i t h e r  p o s s e s s  
such c o lo u r s  o r  c a n  g iv e  r i s e  t o  them b y  t r e a t m e n t  w i th  a c i d s  
o r  b y  d e h y d ro g e n a t io n .
I n v e s t i g a t i o n  o f  t h e s e  c o lo u r i n g  m a t t e r s  made l i t t l e  
p r o g r e s s  u n t i l  S h e m d a ^ s  d i s c o v e r y  i n  1 9 1 5 ^  t h a t  t h e y  
c o u ld  b e  e x t r a c t e d  from  th e  e s s e n t i a l  o i l s  w i th  s t r o n g  m in e r a l  
a c i d s ,  such as 80$ p h o s p h o r ic  a c i d .  A r e d  com plex  i s  fo rm ed 
w hich  d i s s o c i a t e s  on  d i l u t i o n  w i th  w a te r ,  and t h e  c o lo u r in g  
m a t t e r  c a n  th e n  b e  e x t r a c t e d  w i th  h y d ro c a rb o n  s o l v e n t s .  I n  
t h i s  way S h e rn d a l  o b t a in e d  homogeneous m a t e r i a l s ,  fo rm ing  
b l a c k  p i c r a t e s .  T h e i r  fo rm u la  was i n d i c a t i n g  r e ­
l a t i o n s h i p  t o  t h e  s e s q u i t e r p e n e s .
By 1936 a l a r g e  number o f  a z u le n e s  had  b e e n  i s o l a t e d  
i n  t h i s  way from  d i f f e r e n t  s o u r c e s ,  b u t  on s y s te m a t i c  com­
p a r i s o n  t h e  number o f  d i s t i n c t  i n d i v i d u a l s  was foun d  t o  be  
o n ly  f i v e  - chan* , - from  cam omile o i l ,  S  -gua;}- from  s u l p h u r  
d e h y d ro g e n a t io n  o f  g u a j o l ,  from  se le n iu m  d e h y d ro ­
g e n a t io n  o f  g u a j o l ,  l a c t a r -  from  t h e  fu n g u s  l a c t a r i u s
( 4 ) , ( 6 )
d e l i o i o s u s  1 . and v e t i v a z u l e n e  from  v e t i v e r  o i l
These a r e  known as t h e  " n a t u r a l "  a z u l e n e s ,  th o u g h  i n  f a c t
t h e y  a re  p r o b a b ly  n o t  p r e s e n t  i n  th e  p l a n t  a s  such , b u t  a re  
form ed d u r in g  th e  e x t r a c t i o n  o f  t h e  e s s e n t i a l  o i l .  They 
a re  a l l  i s o m e r i c ,  h a v in g  t h e  fo rm u la  0a r l y  work
shov/ed t h a t  t h e y  c o n ta in e d  two r i n g s  and f i v e  d oub le  b o n d s .  
O x id a t io n  gave f ra g m e n ts  to o  sm a ll  to  be o f  any  u se  and 
i n v e s t i g a t i o n  was t h e r e f o r e  d i r e c t e d  to w a rd s  t h e i r  h y d ro ­
g e n a t io n  p r o d u c ts  and to w a rd s  t h e  p a r e n t  s e s q u i t e r p e n e s .
S t r u c t u r e .
I n  1936 P fa n  and P l a t t n e r ^ ^  e l u c i d a t e d  t h e  s t r u c t u r e  
o f  t h e  a z u le n e s  th ro u g h  a  s tu d y  o f  th e  r e l a t e d  s e s q u i t e r p e n e  
k e to n e s  e x t r a c t e d  w i th  G i r a r d * s  r e a g e n t  from  v e t i v e r  o i l ^ 9 * ' ^  
These k e to n e s  w ere  c o n v e r t e d  t o  a  m ix tu re  o f  se m ic a rb a z o n e s  
w hich c o u ld  be s e p a r a t e d  by  c r y s t a l l i s a t i o n  i n t o  a d -  and an
1 - f r a c t i o n ,  and th e  p u re  k e to n e s  r e g e n e r a t e d  from  t h e s e  w ere  
d e s ig n a t e d  and /3 -v e t iv o n e  r e s p e c t i v e l y .  These k e to n e s
h a v e  t h e  fo rm u la  and m o le c u la r  r e f r a c t i o n  m easurem ent
showed t h a t  t h e y  a r e  b i o y c l i c  and one o f  t h e i r  two d o u b le  
bo nds i s  c o n ju g a te d  w ith  t h e  k e to  g r o u p .  R e d u c t io n  o f  th e  
k e to  group  to  t h e  o a r b i n o l ,  f o l lo w e d  b y  d e h y d r a t io n  and d e ­
h y d r o g e n a t io n  w i th  Se o r  S l e d  t o  a  m ix tu re  o f  h y d ro ca rb o n s*  
an a z u le n e  v e t i v a z u l e n e ,  c 1 gs 1Q» e u d a le n e  and 1 * 5 - d im e th y l - 
7 - i s o p r o p y l  n a p h th a le n e ,  t h e  f o r m a t io n  o f  t h e  l a t t e r  two 
compounds show ing t h a t  th e  r i n g s  a r e  f u s e d  o r t h o .
The -CH = CH - 00 - sy s tem  o f  ^ - v e t i v o n e  was now
re d u c e d  to  -OHg - CH2 - GHOH-, and t h e  r e s a l t i n g  d ih y d r o —
( 3 - v e t i v o l  when s a b j e c t e d  t o  o z o n i s a t i o n  s p l i t  o f f  a  m o le c a le
o f  a c e to n e ,  i n d i c a t i n g  t h e  p re s e n c e  o f  an i s o p r o p y l i d e n e
g ro a p ,  ti> g iv e  a  h y d ro x y  k e to n e  I ,  Tahich c o a id  be d e h y d ra te d
t o  th e  a n s a t a r a t e d  k e to n e  I I .  T h is  i n  t a r n  was f a r t h e r
r e d a c e d ,  d e h y d ra te d  and d e h y d ro g e n a te d  t o  an a z a le n e



















d ih y d r o -  






a z a le n e  C12H12
I f  t h e  r e d a c t i o n  o f  (2 -v e t iv o n e  t o  d i h y d r o - v e t i v o l  was 
c a r r i e d  o a t  w i th  soaiam  i n  a l c o h o l ,  t h e n  th e  s a b s e q a e n t  
d e g r a d a t i o n  p r o d a c t s ,  i n c l a d i n g  t h e  a n s a t a r a t e d  k e to n e  I I ,  
were fo a n d  t o  b e  o p t i o a l l y  a c t i v e ;  w h e rea s  i f  t h e  r e d a c t i o n  
w ere c a r r i e d  o a t  o a t a l y t i o a l l y  t o  g iv e  a  s t e r e o o h e m i o a l l y  
p a r e  d i h y d r o - P - v e t i v o l ,  t h e n  t h e  s a b s e q a e n t  p r o d a c t s  w ere 
fo a n d  to  be i n a c t i v e ,  y e t  gave  no m .p .  d e p r e s s io n  w i th  t h e  
o t h e r  s e r i e s .  These i n a c t i v e  compoands were assam ed to  be  










m ast b e  p r e s e n t  i n  d i h y d r o - (2- v e t i v o n e ,  t h e  two r i n g s  b e in g  
u n eq u a l  i n  s i z e ,  t h u s  g iv in g  t h e  m o le c u le  an  a x i s  o f  sym­
m e t r y .  S inoe  d i h y d r o - p -  v e t iv o n e  form s a  d ib e n z y l id e n e  
d e r i v a t i v e  i t  c a n  t h e r e f o r e  be fo rm u la te d  i n  a o co rd an c e  w i th  
t h e  i s o p r e n e  r u l e  as  I I I ,  t h e  c o r r e s p o n d in g  s t r u c t u r e  f o r  
p - v e t i v o n e  b e in g  IY .
t=o
I I I  XT
These fo rm u la e  e x p la in  t h e  f a c t s  i f  i t  i s  assum ed 
( a^ t h a t  t h e  r i n g s  a re  f u s e d  i n  a  c i s  p o s i t i o n ,  and (b) t h a t  
o a t a l y t i o  h y d r o g e n a t io n  o f  IY d i r e o t s  th e  Me on C1Q c i s  t o  
t h e  Me on 0 ^ ,  r e s u l t i n g  i n  an i n a c t i v e  compound (V ), w h i le  




Thus t h e  d e r i v a t i v e s  o f  Y a re  i n a c t i v e ,  and th o s e  o f  
YI a c t i v e .  D e h y d ra t io n  o f  th e  h y d ro x y  k e to n e  Y II  o a n  t a k e  
p la c e  i n  two d i r e c t i o n s ,  g iv in g  e q u a l  am ounts o f  V I I I  and I X ,
6 .
O H 0=?
VII V I I I  IX
w hich , i f  t h e  meso form  i s  u se d ,  a re  o p t i c a l  a n t i p o d e s  so 
t h a t  th e  p r o d u c t  i s  a  rac em a te  o f  two a c t i v e  fo rm s , w h e re ­
as  when t h e  asym m etric  form  o f  VII i s  d e h y d ra te d ,  th e  p r o d u c t s  
a re  b o th  a c t i v e ,  b u t  n o t  e n a n t io m o rp h o u s .
On t h i s  b a s i s ,  t h e n ,  t h e  a z u le n e  woul<3- 130 ■*» an^
v e t i v a z u l e n e  XI, t h e s e  b e in g  th e  no rm al d e h y d ro g e n a t io n  p r o d u c t s ,  
t h e  n a p h th a le n e s  b e in g  p ro d u c e d  by  r e a r r a n g e m e n t .
X
T h is  c y o lo p e n ta n o -c y c lo h e p ta n e  s k e l e t o n  was now 
c o n f irm e d  b y  o x i d a t i v e  d e g r a d a t i o n .  The t e t r a h y d r o - ^  - 
v e t iv o n e  X II  was o x id i s e d  to  t h e  d i c a r b o x y l i c  a c i d  X I I I ,  w hich  
c o u ld  t h e n  b e  r i n g  c lo s e d  to  th e  apo-k e to n e  XIV fo l lo w e d  by  
d e h y d ro g e n a t io n  to  t h e  known in d a n o l  XV,
OH
X II I XIV XV
t h u s  c o n f i rm in g  th e  p r e s e n c e  o f  a  7-membered r i n g  i n  t h e  
o r i g i n a l *  The p re s e n c e  o f  a  5-membered r i n g  was s im i l a r ly -  
shown by  o x i d a t i o n  o f  t h e  k e to n e  V I I I ,  a f t e r  h y d r o g e n a t io n  
o f  t h e  d o u b le  bond , to  a  d i c a r b o x y l i c  a c i d  XVI w hich  o o a ld
n o t  b e  r i n g  c lo s e d  to  an a p o -k e t o n e .
0=<
HO,C
V III  XVI
f i n a l  c o n f i r m a t io n  was o b t a i n e d  by  s y n t h e s i s  o f  
( 8 )
v e t i v a z u l e n e
A s i m i l a r  i n v e s t i g a t i o n  o f  th e  s e s q u i t e r p e n e  a l c o h o l  
g u a j o l  l e d  to  t h e  e s t a b l i s h m e n t  o f  t h e  s t r u c t u r e  XVII, and 
th e  5  -g u a ; ja z a le n e  fo rm ed  from  i t  by  S d e h y d ro g e n a t io n  was 
shown to  b e  X V III , w h i l e  S e -g a a ^ a z a le n e  i s  c o n s i d e r e d  t o  be 
XIX, form ed by  m i g r a t i o n  o f  th e  1-Me g ro up  t o  t h e  2 - p o s i t  io n  
und er  t h e  i n f l u e n c e  o f  t h e  h i g h e r  t e m p e r a tu r e  o f  t h e  Se
( 1 1 ,1 2 ,1 3 ,1 4 ,1 5 )d e h y d ro g e n a t io n
XVII XVIII XIX
I n  a d d i t i o n  t o  l a c  t a r  a z u le n e ,  t h e  fu n g u s  l a c t a r i u s  
d e l i o i o s i s  L .  c o n t a i n s  an  i n t e r e s t i n g  v i o l e t  p ig m en t,  
l a c  t a r o  v i o l i n ,  which h a s  b e e n  shown to  be  an i s o p r o p e n y l
a z a le n e - a ld e h y d e ( 3 3 , 3 4 , 5 9 , 6 0 )
The p a r e n t  s t r a o t a r e  o f  t h e  a z a le n e s  th e n ,  i s  t h e  h i  
oy o lo  ( 0 :3 ;5 ) - d e o a p e n ta e n e  s k e l e t o n .  T h is  compound i s  now 
o a i l e d  rta z u le n e ” and i s  numbered t h u s :
Y e t iv a z u le n e  i s  t h e r e f o r e  4 : 8- d im e th y l - 2 - i s o  p r o p y l  - 
a z u le n e ,  and S - g u a ja z u le n e  i s  1 j 4 - d im e t h y l - 7 - i s o p r o p y l a z u l e n e .
P r o p e r t i e s .
V ery l i t t l e  i s  known o f  th e  c h e m ic a l  p r o p e r t i e s  o f
t h e  a z u l e n e s .  The p o l y s u b s t i t u t e d  a z a le n e s  o b ta in e d  from
n a t u r a l  s o u r c e s  a r e  l i q u i d s  o r  lo w - m e l t in g  s o l i d s  and a re
q u i t e  s t a b l e .  The p a r e n t  h y d ro c a rb o n  i s  n o t  so s t a b l e
how ever and r e s i n i f i e s  s lo w ly  on s t a n d in g .  I t  i s  a  s o l i d
m .p .  99° , t h e  h i g h e s t  m .p .  o f  any known a z u le n e  h y d ro c a rb o n
w i th  t h e  e x c e p t i o n  o n ly  o f  2 - p h e n y la z u le n e  w hich  m e l t s  a t  
o
230 . A d d i t io n  com plexes w i th  p i c r i c  a c i d ,  s ty p h n io  a c id
and  t r i n i t r o - b e n z e n e  a r e  a l s o  form ed and th e * *  c a n  b e
b ro k e n  down b y  ch ro m a to g ra p h y  on a lu m in a ,  w i th  p e t ro le u m
as s o l v e n t ,  t h e  h y d ro c a rb o n  b e in g  more e a s i l y  e l a t e d .
A zulene  i t s e l f  i n  f a c t  i s  n o t  a d so rb ed  a t  a l l  by  a lu m in a
(7)and p a s s e s  s t r a i g h t  th ro u g h  t h e  column . l o  i s o m e rs
h a v e  b e e n  fo u n d  t o  i n d i c a t e  f i x a t i o n  o f  t h e  d o u b le
b o n d s ,  and a  re so n a n o e  en e rg y  o f  46 k .  c a l  p e r  m o le c u le  h a s  
b e e n  c a l c u l a t e d  f o r  a z u le n e  a s  a g a i n s t  74 k . c a l / m o l .  f o r  
n a p h th a le n e
These p r o p e r t i e s  seem to  i n d i o a t e  t h a t  a z u le n e  i s  
a  m esom eric  sy s tem  w i t h  a t  l e a s t  some d e g re e  o f  a ro m a tic  
c h a r a c t e r .
The f o r m a t io n  o f  a  sodium d e r i v a t i v e  i n  t h e  a b sen c e
/  a  a \
o f  a i r ,  g i v in g  an a c id  w i th  00^, i s  d e s c r ib e d  * . S i m i l a r
oompounds a re  known t o  be form ed i n  t h e  f u lv e n e  s e r i e s .
O ' -  * Q c ~” ' 2 D  — *
The f o r m a t io n  o f  a  s u lp h o n ic  a c i d  b y  t r e a t i n g  a  n a t u r a l
a z u le n e  w i th  Ao20 and H-gSO^ i s  r e p o r t e d ,  and a l k a l i  s a l t s  o f
t h i s  h av e  b e e n  i s o l a t e d ^  ^  . B ro m in a t io n  i s  s a i d  t o  r e s u l t
i n  th e  a d d i t i o n  o f  4 atoms o f  b rom ine  and th e  s u b s t i t u t i o n  
( 6b)
o f  one ; b u t  t h e s e  p r o p e r t i e s  a r e  b a s e d  on s i n g l e ,  i s o ­
l a t e d  o b s e r v a t i o n s  and r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .  The 
b lu e  c o l o u r  d i s a p p e a r s  a f t e r  th e  u p ta k e  o f  ~  2 .5  m o le c u le s  
o f  H2 ( 5 o ; .
A zulene i t s e l f  c an  b e  t r a n s fo r m e d  i n t o  n a p h th a le n e
o (35  36)b y  h e a t i n g  to  about 300 i n  a  s e a le d  tu b e  * , and su b ­
s t i t u e n t s  i n  c e r t a i n  p o s i t i o n s  on th e  a z u le n e  n u c l e u s  a p p e a r  
to  b e  s p e c i a l l y  p ro n e  t o  m ig r a t i o n  a t  h ig h  t e m p e r a t u r e s .  
j*'or exam ple , th e  m ig r a t i o n  o f  a  m e th y l  g roup  from  th e  1 - t o
tli© E - p o s i t i o n  d a r in g  Se d e h y d ro g e n a t io n  o f  g u a j o l
a l r e a d y  b e e n  m en tioned , and i t  h a s  b e e n  e s t a b l i s h e d  t h a t  
2-p h e n y l~ a z u le n e  o n ly  i s  fo rm ed , i r r e s p e c t i v e  o f  w h e th e r
(30)
1 -p h e n y l -  o r  2- p h e n y l - in d a n e  i s  used  as  s t a r t i n g  m a t e r i a l
S i m i l a r l y  5 -m eth y l a z a le n e  i s  fo a n d  to  change  i n t o  6-m e th y l-
a z u le n e s  i s  t h e i r  s o l u b i l i t y  i n  s t r o n g  m in e r a l  a c i d s ,  f i r s t  
o b se rv e d  b y  S h e m d a l  i n  1915 ( l o c . c i t . )  and s i n c e  v e r y  
w id e ly  a se d  f o r  t h e i r  i s o l a t i o n  from  n a t u r a l  s o u r c e s  o r  r e -  
a c t i o s  m i x t u r e s .  i h e  a c i d s  g e n e r a l l y  u se d  a r e  50-60$ aq .  
HgSO^ o r  85$ HgPO^. W ith t h e s e  t h e  a z u le n e s  c a n  b e  co m p le te  
l y  e x t r a c t e d  from o rg a n ic  s o l v e n t s  im m is c ib le  w i th  t h e  a c i d s ,  
and b y  d i l u t i n g  t h e  a c id  p h a se  to  20-50$  t h e  a z u le n e  i s  
q u a n t i t a t i v e l y  p r e c i p i t a t e d  and c an  be  r e - e x t r a c t e d  w i th  
o rg a n ic  s o l v e n t s .  I f  t h e  a c id  s o l u t i o n  i s  a l lo w e d  t o  s t a n d
■»
One o f  t h e  m ost i n t e r e s t i n g  p r o p e r t i e s  o f  th e
f o r  lo n g  i n  a i r  t h e r e  i s  som etim es a  s l i g h t  l o s s  o f  m a t e r i a l  
due to  o x i d a t i o n  o r  o t h e r  r e a c t i o n s ,  h u t  t h i s  c a n  he re d u c e d  
to  a  minimum by  u s in g  t h e  m ost d i l u t e  a c id  p o s s i b l e  f o r  t h e  
e x t r a c t i o n  and w ork ing  i n  an  a tm osphere  o f  n i t r o g e n .  The 
p a r e n t  h y d ro c a rb o n  ^ qHq i s  p a r t i c u l a r l y  u n s t a b l e  i n  a c i d  
s o l u t i o n .
The b l u e  c o lo u r  o f  th e  a z u le n e s  ch an ges  t o  o ran g e  
o r  r e d  i n  a c id  s o l u t i o n ,  s u g g e s t in g  t h a t  a  r e a c t i o n  t a k e s  
p l a c e ,  and t h i s  i s  b o rn e  o u t  b y  some r e c e n t  work on t h e  d i s ­
t r i b u t i o n  c o e f f i c i e n t s  o f  v a r i o u s  a z u le n e s  b e tw ee n  to lu e n e  
o r  p e t ro le u m  on t h e  one hand  and o r  h^PO^ o f  v a ry in g
c o n c e n t r a t i o n s  on th e  o t h e r ^ . These c o e f f i c i e n t s  K1 
hav e  been  shown to  b e a r  a  l i n e a r  r e l a t i o n s h i p  to  t h e  s t r e n g t h  
o f  a c id  u sed  d e f in e d  as t h e  nammett f u n c t i o n  ; and th e
v a lu e  o f  H0 f o r  which X* ■ 1 , w hich  i s  a  m easu re  o f  t h e  t e n ­
dency  o f  th e  a z u le n e  to  d i s s o l v e  i n  t h e  a c i d ,  i s  fo u n d  to  b e  
c h a r a c t e r i s t i c  f o r  any g iv e n  a z u le n e  and may t h e r e f o r e  be  
used  f o r  i t s  i d e n t i f i c a t i o n .  T h is  new p h y s i c a l  c o n s t a n t  i s  
p a r t i c u l a r l y  v a l u a b l e  s in c e  i t  v a r i e s  w i th  t h e  s i z e  o f  t h e  
a l k y l  s u b s t i t u e n t s  a s  w e l l  a s  w i th  t h e i r  p o s i t i o n s  i n  t h e  
n u c le u s ,  th u s  d i f f e r e n t i a t i n g  be tw een , e . g . ,  2-e th y l - ;
2 - n - p r o p y l - a n d  2- i s o - p r o p y l - a z u l e n e s ,  w h ich  i s  n o t  p o s s i b l e  
b y  s p e c t r o g r a p h ic  m eans. T h is  d i f f e r e n t i a t i o n  may a l s o  b e  
u sed  f o r  t h e  a n a l y s i s  o f  m ix tu r e s  o f  known a z u le n e s  by  t h e
f r a c t i o n a l  d i s t r i b u t i o n  t e c h n iq u e  o f  G ra ig
B i o l o g i c a l  p r o p e r t i e s .
The b i o l o g i c a l  p r o p e r t i e s  o f  t h e  a z u le n e s  have  b e e n  
o f  i n t e r e s t  s i n c e  t h e  b e g in n in g  o f  th e  i n v e s t i g a t i o n s  a s  th e  
s o o th in g  a c t i o n  o f  camomile o i l  h a s  b e e n  kno i m  f o r  c e n t u r i e s  
That t h i s  s o o th in g  a c t i o n  i s  e n t i r e l y  due t o  th e  oham- 
a z u le n e  c o n te n t  h a s  b e en  p ro v ed  by t e s t s  a g a i n s t  i r r a d i a t i o n  
e ry th em a  on human s k i n  and m u s ta rd  o i l  i r r i t a t i o n  i n  r a b b i t s
( 4-1 4-2 L 3)e y es  * ~ ’ . The r e s i d u a l  o i l  a f t e r  t h e  rem ova l o f  th e
a z u le n e  h a s  no a c t i o n ,  n o r  hav e  v e t i v a z u l e n e  o r  a z u le n e
( 4 4  Ji t s e l f  . 3- and S e - g u a ja z u le n e s  have b e en  fo u n d  i n -
(4 )
e f f e c t i v e  a g a i n s t  x e ro p h th a lm ia  i n  r a t s  . The s y n t h e s i s  
o f  cham azulene  would t h e r e f o r e  b e  o f  some im p o r ta n c e ,  b u t  
a s  y e t  i t s  c o n s t i t u t i o n  i s  unknown though  some i n f e r e n c e s  
may b e  drawn from  i t s  sp e c tru m , to  w hich  r e f e r e n c e  w i l l  be 
made l a t e r .
S p e c t r a .
The m ost s t r i k i n g  p r o p e r t y  o f  t h e  a z u le n e s  i s ,  o f  
c o u r s e ,  t h e i r  i n t e n s e  c o l o u r ,  r a n g in g  from r e d - v i o l e t  to  
p u re  b lu e  and b l u e - g r e e n ,  e s p e c i a l l y  i n  v iew  o f  t h e  com­
p a r a t i v e l y  s im p le  s t r u c t u r e  o f  t h e  com pounds. The l o n g e s t  
v i s i b l e  a b s o r p t i o n  band  i s  a t  a b o u t  7000 1 , and to  a t t a i n  
t h i s  i n  th e  d ip h e n y l - p o ly e n e  s e r i e s ,  f o r  exam ple, a
1 3 .
o on j l ig a t io n  o f  ab ou t EO d o u b le  bonds i s  r e q u i r e d .  I n  t h e
more n e a r l y  r e l a t e d  fu lv e n e  s e r i e s ,  a  c o n ju g a t i o n  of f i v e
d o u b le  b o n d s ,  as i n  th e  f o l lo w in g  compound, ^
o n ly  p ro d u c e s  an o ran g e  r e d  c o lo u r  and in  t \ /
th e  p u r e l y  a ro m a tic  s e r i e s ,  a l th o u g h  p e n t  ac ene i s o l u e  i n
th e  c r y s t a l l i n e  s t a t e ,  i t s  l o n g e s t  v i s i b l e  a b s o r p t io n  band
o
i s  o n ly  abou t 5800 A* Hence i t  i s  seen  t h a t  t h e  u s u a l  
t h e o r i e s  o f  c o lo u r ,  b a s e d  on chrom ophores and auxochrom es, 
do n o t  a p p ly  i n  t h i s  c a s e .  By r e g a r d in g  th e  a z u le n e  m o le ­
c u l e  as a  m esom eric  system  and a p p ly in g  th e  quantum m echan i-
(53)
c a l  m ethods o f  S l a t e r  and P a u l in g ,  A*L. SMLar h a s  b e en
a b le  t o  c a l c u l a t e  t h e  p o s i t i o n  o f  th e  l o n g e s t  a b s o r p t io n
band  w i th o u t  u s in g  s p e c t r o s c o p i c  d a t a ,  and h i s  r e s u l t s  a re
i n  v e ry  good ag reem ent w i th  t h e  o b se rv e d  v a l u e .  I n  an
{54)e x te n s i o n  o f  S k l a r ' s  w ork , F f t r s t e r  '  h a s  p o i n t e d  out t h a t  
th e  d i f f e r e n c e  b e tw een  a z u le n e  and n a p h th a le n e  can  b e  ex­
p l a i n e d  q u i t e  s im p ly :  t h u s  f o r  a z u le n e  o n ly  two K ekul§
s t r u c t u r e s  a r e  p o s s i b l e ,  which c a n  be in te r c h a n g e d  b y  th e  
s im u l ta n e o u s  s h i f t  o f  f i v e  d o u b le  b o n d s ;  w h i le  i n  n a p h th a le n e  
t h r e e  such s t r u c t u r e s  e x i s t  and c an  be i n t e r c h a n g e d  s te p w is e  
b y  a  s h i f t  o f  o n ly  t h r e e  d o u b le  bonds a t  a  t im e .  Hence
CO-CO 0 0 -0 X 0
n a p h th a le n e  m ast re se m b le  b e n ze n e  i n  i t s  a b s o r p t io n  sp e c tru m , 
w h i le  a z a le n e  sh o u ld  re sem b le  t h e  as y e t  unknown c y c lo d e c a -  
p e n ta e n e ,  th e  b r i d g e  bond h a v in g  no im p o r ta n c e  i n  t h e  
r e s o n a n c e .
The e n t r y  o f  a l k y l  s u b s t i t u e n t s  i n t o  t h e  a z u le n e
n u c le u s  p ro d u c e s  a  r e g u l a r  s h i f t  i n  t h e  sp e c tru m  w hich  c a n
b e  o f  use i n  i d e n t i f y i n g  unknown compounds. The s p e c t r a
o f  t h e  s u b s t i t u t e d  a z u le n e s  can  b e  d iv id e d  i n t o  two d e f i n i t e
g ro u p s  d ep end ing  on w h e th e r  t h e  2- p o s i t i o n  i s  s u b s t i t u t e d
o r  n o t ^ 2 6 ^ . I f  t h e  2 - p o s i t i o n  i s  u n s u b s t i t u t e d  a  f a i r l y
s im p le  ty p e  o f  sp ec tru m  i s  o b t a in e d ,  t h e  b an d s  b e in g  sp aced
r e g u l a r l y  and th e  sequence  o f  i n t e n s i t i e s  b e in g  th e  same i n
a l l  c a s e s .  The e n t r y  o f  a  s u b s t i t u e n t  i n  t h e  7-menibered
r i n g  p ro d u c e s  a  s h i f t  o f  abou t 15 mp. i n  t h e  wave l e n g t h s  o f
th e  b a n d s ,  t h e  d i r e c t i o n  o f  th e  s h i f t  a l t e r n a t i n g  w i th  th e
p o s i t i o n  o f  t h e  s u b s t i t u e n t .  Thus a  s u b s t i t u e n t  i n  t h e  4 -
o r  8 - p o s i t i o n  s h i f t s  t h e  a b s o r p t io n  to w ard s  t h e  b l u e  and t h e
c o lo u r  to w a rd s  t h e  r e d ,  w h i l e  s u b s t i t u t i o n  i n  th e  5- o r  7-
p o s i t i o n  h a s  t h e  o p p o s i t e  e f f e o t ( 2 8 ’ 2 4 ^ . S u b s t i t u t i o n  in
(19)
t h e  6- p o s i t i o n  a g a in  s h i f t s  t h e  c o lo u r  to  t h e  r e d  
T h is  s h i f t  depends o n ly  On t h e  p o s i t i o n  and n o t  on t h e  s i z e  
o f  t h e  g ro u p , and i t  i s  a d d i t i v e ,  so t h a t  th e  s h i f t  f o r  a 
p o l y - s u b s t i t u t e d  a z u le n e  can  be c a l c u l a t e d  b y  ad d in g  th e
s h i f t s  p rod uced  b y  e ac h  s u b s t i t u e n t  s i n g l y .  S u b s t i t u t i o n  
i n  t h e  1 -  o r  3 - p o s i t i o n  p ro d u c e s  a  l a r g e r  s h i f t ,  o f  a b o u t  
40 wfL to w a rd s  t h e  r e d ,  t h e  c o l o u r  c h a n g in g  t o  t h e  b l u e ;  b u t  
s u b s t i t u t i o n  i n  t h e  2 - p o s i t i o n  a l t e r s  t h e  c h a r a c t e r  o f  th e  
sp e c tru m  c o m p le te ly ,  p ro d u c in g  a  more com plex s e r i e s  o f  b a n d s .  
The a l t e r n a t i n g  e f f e c t  s t i l l  h o l d s ,  how ever, s i n c e  t h e  
c o lo u r  i s  changed to w a rd s  t h e  r e d .  A lthough  th e  b a n d s  i n  
th e  s im p le  2- a l k y l a t e d  a z u le n e s  a r e  s h a rp  and w e l l - d e f i n e d ,  
f u r t h e r  s u b s t i t u t i o n  p ro d u c e s  d i f f u s e  s p e c t r a  such  a s  t h o s e  
o f  S e - g u a j -  o r  v e t i v a z u l e n e s  i n  which t h e  b a n d s  a r e  weak and 
t h e i r  c e n t r e s  d i f f i c u l t  t o  d e te r m in e .  * D e s p i t e  t h i s ,  t h e  
same r e l a t i o n s h i p s  a p p e a r  to  h o ld  as i n  t h e  f i r s t  g ro u p .
These s p e c t r o s c o p i c  d a t a  h av e  b e e n  o f  use  i n  s e t t l i n g
d o u b ts  a s  t o  t h e  c o n s t i t u t i o n  o f  s y n t h e t i c  a z u l e n e s ,  f o r
exam ple where t h e  d i a z o - a c e t i c  e s t e r  m ethod  o f  s y n t h e s i s  g i v e s
anom alous r e s u l t s  ( s e e  l a t e r ) .  Thus t h e  d i f f e r e n c e  b e tw e e n
5 -m e th y l-  and 6-m e th y l  a z u le n e  i s  r e a d i l y  s e t t l e d ,  t h e  fo rm e r
(2 4 ,2 8
b e in g  more b lu e  and th e  l a t t e r  more r e d  t h a n  a z u le n e  i t s e l f  
The n a t u r a l  b l u e  a z u le n e s  cham -, l a c t a r -  and g u a j a z u l e n e s  
have  a lm o s t  i d e n t i c a l  s p e c t r a ,  and g u a ja z u le n e  i s  known to  b e  
1 j 4 - d im e th y l - 7 - i s o p r o p y l a z u l e n e ;  from w hich i t  can  be i n ­
f e r r e d  t h a t  t h e  o t h e r  two a re  s u b s t i t u t e d  i n  th e  same, o r  
e q u i v a l e n t  p o s i t i o n s  ( e . g . ,  1 :5 * 8 ;  1 :5 * 6 ;  o r  l i 7 * 8 - ) ^ 5 ^ .
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A b ao rp t io n a b a n d e n  i* i \ / u l e n e  d e r  er* ten  Cl
be W ellenzahlen  (»• ) der Raiiden mix! den Tabellen entnom m en. D ie H ohe der  
• ti B anden entsprieht <len l»e*»baehteten In ten sita ten . Die sieh en tspreehenden  
1 aind durch p u nktierte Linien m iteinander verbunden .
A b s o rp t io n  b a n d s  o f  a z u le n e s  i n  t h e  f i r s t  sp e c tru m  group
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F ig. I I .
A bsorptionsbanden der A zu lene der zw eiten  Gruppe.
A b s o rp t io n  b a n d s  o f  a z u le n e s  i n  t h e  second  sp e c tru m  group
( 5 5 ,8 3 )  ^ (84)
Some s t u d i e s  i n  X - ra y  and i n f r a - r e d
s p e c t r a  have  a l s o  b e e n  made.
S y n t h e s i s .
P r e v io u s  t o  1936 th e  o n ly  compound known to  c o n ta in
th e  c y c l o - p e n ta n o - e y e lo h e p ta n e  r i n g  system  was t h e  k e to n e
9 :1 0  (48)
XX o b ta in e d  i n  1933 by  HUJskel from  A * - o c t a l i n
/ 6 )
T h is  was u t i l i s e d  b y  P fa u  and P l a t t n e r  who t r e a t e d  i t  w i th  
v a r i o u s  G r ig n a rd  r e a g e n t s ,  and by  d e h y d r a t in g  and d e h y d ro ­
g e n a t in g  th e  p r o d u c t s  o b ta in e d  th e  4 - s u b s t i t u t e d  a z u l e n e s .
S u b s e q u e n t ly  t h e y  o b ta in e d  a z u le n e  i t s e l f  b y  r e d u c t i o n  o f  th e
(7)
k e to  g ro u p ,  fo l lo w e d  by d e h y d r a t io n  and d e h y d ro g e n a t io n
A l l  t h e s e  s y n t h e t i c  compounds h ad  t h e  i n t e n s e  b lu e
c o lo u r  c h a r a c t e r i s t i c  o f  th e  n a t u r a l  b lu e  a z u le n e s ,  and
t h e i r  o th e r  p r o p e r t i e s  were s i m i l a r .  I t  i s  i n t e r e s t i n g  t o
n o t i c e  h e r e  t h a t  a s  f a r  back  a s  1893 H e n t s c h e l  and Wis- 
(49)
l i c e n u s  h ad  o b se rv e d  a  b l u e  c o lo u r  d u r in g  th e  p r e p a r a t i o n  
o f  c y c lo - p e n t  an one b y  d i s t i l l a t i o n  o f  c a lc iu m  a d i p a t e .
1 7 .
P fa u  and P l a t t n e r  r e p e a t e d  t h i s  work and were a b le  to  show
(7)
t h a t  th e  c o l o u r  was due to  t h e  fo rm a t io n  o f  a z a le n e
ci3 " c°3 * oO —*azaiene-
C«\H
T h is  method o f  s y n t h e s i s  i s  o b v io u s ly  o f  v e ry  
l i m i t e d  a p p l i c a t i o n ,  and a n o th e r  was soon  d e v is e d  vdiich has  
p ro v ed  o f  v e ry  g e n e r a l  u s e .  I t  i s  b a s e d  on t h e  a d d i t i o n  
o f  d i a z o - a c e t i c  e s t e r  t o  an a ro m a tic  r i n g ,  w i th  t h e  p r o d u c t io n  
o f  a  7-membered r i n g ,  f i r s t  d e s c r ib e d  b y  B uchner i n  1 8 8 5 ^ .
v NiCt-co,*-
The a p p l i c a t i o n  o f  t h i s  r e a c t i o n  t o  s u i t a b l y  sub­
s t i t u t e d  in d a n e s  h a s  r e s u l t e d  i n  t h e  s y n t h e s i s  o f  ab o u t 40 
a z u le n e s ,  r a n g in g  from th e  u n s u b s t i t u t e d  p a r e n t  h y d ro c a rb o n  
to  t h e  p o l y s u b s t i t u t e d  1 : 3 i 4 * 8 - t e t r a m e t h y l a z u l e n e . The f i r s t  
t o  be p r e p a r e d  by  t h i s  m ethod was th e  n a t u r a l  v e t i v a z u l e n e ,  
w hich  i s  formed by t r e a t i n g  th e  in d a n e  XXI w i th  d i a z o a c e t i c  
e s t e r ,  h y d r o ly s in g  t h e  p r o d u c t  to  th e  f r e e  a c id  and th e n  
d e c a rb o x y l  a t  i n g  and d e h y d ro g e n a t in g  t h i s  i n  one o p e r a t i o n  by  
h e a t i n g  w i th  p a l la d iu m  c h a r c o a l  u n d e r  n i t r o g e n .  The i n t e r ­
m e d ia te  th ree -m em bered  r i n g  i s  b ro k e n  a t  some p o i n t  n o t  y e t  




I f  t h e  i n t e r m e d i a t e  e s t e r  i s  d e h y d ro g e n a te d  d i r e c t l y  
w i th o u t  h y d r o l y s i s ,  an a z u le n e  e s t e r  i s  o b ta in e d  whioh may be  
t r a n s fo r m e d  by  s t a n d a r d  r e a c t i o n s  i n t o  o t h e r  f u n c t i o n a l  
d e r i v a t i v e s  a s  d e s c r ib e d  i n  a  l a t e r  s e c t i o n  o f  t h e  p r e s e n t  
w ork .
A d e f e c t  o f  t h i s  s y n t h e s i s  i s  t h a t  i n  some c a s e s  i t
i s  n o t  u n e q u iv o c a l ,  s in c e  d i f f e r e n t  p r o d u c t s  may be  o b ta in e d
a c c o rd in g  to  t h e  doub le  bond to  w hich  t h e  d i a z o - a c e t i c  e s t e r
a d d s .  The s i m p le s t  o a se  i s  t h a t  o f  5 -m e th y l in d a n e ,  from
(2 0 ,2 4 )
which 5- o r  6- m e th y l - a z u le n e  may r e s u l t  *-<xr— 
c a cB \
(The p o s s i b i l i t y  o f  a d d i t i o n  t o  t h e  more s e v e r e l y  h in d e r e d
7*8, 4*9 o r  8*9 d o u b le  bonds i s  h e r e  n e g l e c t e d . )  W ith  p o ly -
(25s u b s t i t u t e d  in d a n e s  th e  p o s s i b i l i t i e s  beoome more num erous 
A ccord ing  t o  B uchner ( l o c . c i t . )  t h e  a d d i t i o n  t a k e s  p la c e  
p r e f e r e n t i a l l y  a t  u n s u b s t i t u t e d  C a tom s, w h i le  M i l l s  and 
l i z o n ^ ^ ^  s t a t e  t h a t  in d a n e  i t s e l f  h a s  p re d o m in a n t ly  th e  
K eku l6 s t r u c t u r e  shown i n  A. W hether s u b s t i t u t e d  in d a n e s
r e a o t  a c c o rd in g  t o  t h i s  s t r u c t u r e ,  how ever, and w hat th e
s t e r i c  i n f lu e n c e  o f  t h e  a l k y l  g ro u p s  may b e ,  c a n n o t  b e  
p r e d i c t e d .
The d i a z o - a c e t i c  e s t e r  s y n t h e s i s  h a s  a l s o  b e e n  e x ­
te n d e d  t o  f l u o r e n e ,  w i th  t h e  p r o d u c t io n  o f  1 :2 -b e n z a z u le n e  
( 8 ,7 5 ,7 4 )
t tl------t r +. ^ r5 ^ L CH-Ĉ Cf
and to  au in d a n o - in d a n e  t o  p ro d u ce  th e  c o r r e s p o n d in g  indano- 
a z u l e n e ; -
+ (VM-COtCi- ------------ *
I n  t h i s  l a t t e r  c a s e  o n ly  one a d d i t i o n  and r i n g - e x p a n s io n  
to o k  p l a c e ,  d e s p i t e  t h e  use  o f  e x c e s s  d i a z o a c e t i c  e s t e r ^ 8 ^  .
A d d i t io n  o f  d i a z o a c e t i c  e s t e r  to  t e t r a h y d r o a c e -  
n a p h th e n e  and d e h y d ro g e n a t io n  o f  th e  p ro d u c t  h a s  a l s o  b e en  
r e p o r t e d ^ 8 1 ^ .
O the r  m ethods o f  s y n t h e s i s  have  b e en  u sed  i n  i s o l a t e d
/  ^  g  \
o a s e s .  Thus G o a ts  and Qook d e v is e d  a n o th e r  s y n t h e s i s  
o f  v e t i v a z u l e n e  b a s e d  on r i n g  e x p a n s io n  o f  th e  h e x a h y d ro -  
in danon e  v d th  d i  az om ethane : -
and t h e  same r e a c t i o n  h a s  b e e n  u sed  b y  P l a t t n e r  f o r  t h e
(23) (21)
s y n t h e s i s  o f  5 -m eth y l a z u le n e  . A rno ld  h a«  made use
o f  t h e  Demjanow re a r ra n g e m e n t  to  a c h ie v e  r i n g  e x p a n s io n ? -
2 0 .
art
C o m p le te ly  u n e q u iv o c a l  s y n th e s e s  o f  5 -m e th y l-  and
* ( 2 2 )6~ m e th y la z u le n e s  have  h e en  a c h ie v e d  hy  Sorm , who s t a r t e d  
from th e  5-memhered r i n g  and l a b o r i o u s l y  b u i l t  on th e  7- 
membered r i n g : -
«■
A rndt - B is  t e r  t








These m ethods o f  s y n t h e s i s  h av e  s u f f i c e d  f o r  th e  
p r o d u c t io n  o f  a  l a r g e  number o f  mono- and p o l y - s u b s t i t u t e d  
a z u le n e s  i n  q u a n t i t i e s  s u i t a b l e  f o r  s p e c t r o s c o p i c  e x a m in a t io n ,  
b u t  f o r  an  i n v e s t i g a t i o n  o f  th e  c h em ic a l  p r o p e r t i e s  o f  t h i s  
new q u a s i - a r o m a t i c  sy s tem  much l a r g e r  q u a n t i t i e s  a r e  n e ed e d , 
and a z u le n e  i t s e l f  would be p r e f e r a b l e  t o  t h e  more h i g h l y  
s u b s t i t u t e d  compounds. The d i a z o a c e t i c  e s t e r  method i s  
u n s u i t a b l e  f o r  s y n t h e s i s i n g  l a r g e  amounts o f  a z u le n e  s in o e
t h e  a d d i t i o n  s t a g e  goes b e s t  w i th  h i g h l y  s u b s t i t u t e d  in d a n e s  
and even th e n  g i v e s  p o o r  y i e l d s ,  t h e  u n r e a c t e d  s t a r t i n g  
m a t e r i a l  h a v in g  to  be r e - t r e a t e d  s e v e r a l  t i m e s .  The o t h e r  
r i n g  e x p a n s io n  m ethods a l s o  g iv e  poor y i e l d s ,  and  in  t h e  c a s e
o f  t h e  r i n g  c lo s u r e  m ethod o f  Soma, t h e  d i f f i c u l t y  would be  
to  o b t a i n  a  s u f f i c i e n t  q u a n t i t y  o f  s t a r t i n g  m a t e r i a l .
A more p ro m is in g  m ethod h a s  b een  s u g g e s te d  by  a
h av e  d e v e lo p e d  a  new m ethod o f  b u i l d i n g  up a  f iv e -m em bered  
r i n g ,  v i z . ,  by  co n d en s in g  an a p p r o p r i a t e  k e to n e  w i th  d i e t h y l
r e s u l t a n t  h a l f - e s t e r  by  r e f l u x i n g  i n  a  s o l u t i o n  o f  a c e t i c  
a n h y d r id e  and a o e t io  a c i d  c o n t a i n i n g  a  o a t a l y t i o  amount o f
z in c  c h l o r i d e  ( a  r e a g e n t  d e v e lo p ed  by  i ' i e s e r  and H e rs^ h b e rg  ) .  
I t  seem ed, t h e r e f o r e ,  t h a t  th e  a p p l i c a t i o n  o f  t h i s  method t o  
su b e ro n e  ( c y o lo h e p ta n o n e )  sh o u ld  l e a d  to  t h e  r e q u i r e d  
( 0 * 3 : 5 ) - b i c ^ c l o - d e c a n e  s k e l e t o n ,  w hich  c o u ld  t h e n  be  d e h y d ro ­
g e n a te d  to  a z u le n e .  The f o l lo w in g  scheme was d e te rm in e d  on*-
r e c e n t  p a p e r  b y  Johnson  and c o - w o r k e r s ^ 2  ̂ . These w o rk e rs
s u c c i n a te  ( t h e  "S to b b e  c o n d e n s a t io n ”
(64)
o
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I t  was a l s o  d e c id e d  to  p e rfo r in  t h e  same s e r i e s  o f  r e a c t i o n s  
on benzosu .berone  XT7I i n  t h e  hope  o f  o b t a i n i n g  b e n z a a u le n e  
XXVII a s  t h e  l a t t e r  would  be u s e f u l  f o r  com paring  t h e  r e ­
a c t i v i t i e s  o f  th e  benzene  and a z u le n e  r i n g  sy s te m s .  The 
s y n t h e s i s  o f  th e  k e to n e  XXIY b y  th is  m ethod was d e s c r i b e d  b y  
P l a t t n e r  and B lich i^4 ^  s h o r t l y  a f t e r  th e  p r e s e n t  work was 
c o m p le te d .
1 .  A zulene s e r i e s .
S ub eron e , t h e  s t a r t i n g  m a t e r i a l  f o r  t h i s  s y n t h e s i s ,  
i s  most c o n v e n i e n t l y  o b ta in e d  by t r e a t i n g  c y c lo h exanone w i th  
d iazo m e th an e  a c c o rd in g  to  K o h le r ,  T i s h l e r ,  P o t t e r  and 
T h o m s o n ^ w h o  form  t h e  d iazo m e th an e  i n  s i t u  from  n i t r o s o ­
m e th y l  u r e th a n e  and p o ta s s iu m  o a r b o n a te ;  b u t  a s  n i t r o s o ­
m e th y l  u r e th a n e  i s  no t c o m m e rc ia l ly  a v a i l a b l e  i n  l a r g e  
q u a n t i t i e s ,  th e  o r i g i n a l  p ro c e d u re  o f  M o s e t t ig  and B u r g e r^ 66 ^ , 
u s in g  e t h e r e a l  d iaz o m e th an e ,  had  to  b e  r e v e r t e d  t o ,  d e s p i t e  
t h e  i n c o n v e n i e n t l y  l a r g e  volum es i n v o lv e d .
The c o n d e n s a t io n  w i th  e t h y l  s u c c i n a t e  i n  th e  p r e s e n c e  
o f  p o ta s s iu m  t e r t - b u to x id e  gave  an 80$ y i e l d  o f  c ru d e  h a l f - 
e s t e r ,  which by  d i s t i l l a t i o n  was s e p a r a t e d  i n t o  two com ponen ts , 
a  l i q u i d  and a s o l i d ,  one o f  which i s  p resu m ab ly  X X III and 
th e  o t h e r  t h e  iso m er  XXYIII w h ich , b y  a n a lo g y  w i th  S t o b b e 's  
work ( l o c . c i t . )  s h o u ld  be  form ed i n  much s m a l l e r  q u a n t i t y .
The p o s i t i o n  o f  t h e  doub le  bond  i n  t h e s e  compounds h a s  n o t  
b e e n  d e te rm in e d  w i th  c e r t a i n t y .
Cv~
x r a  x m i  z m i i
G y c l i s a t i o n  o f  th e  oru.de m ix tu r e  o f  h a l f  e s t e r s  
w i th  a c e t i c  a c i d ,  a c e t i c  a n h y d rid e  and a  t r a c e  o f  z in c  
c h l o r i d e  g a v e ,  a f t e r  t r e a tm e n t  w i t h  w a te r  and HG1 to  d e c a r -  
b e t h o x y l a t e  th e  i n t e r m e d i a t e  {3 - k e to  e s t e r , t h e  u n s a t u r a t e d  
k e to n e  XXIY i n  c a  33$ o v e r a l l  y i e l d  from  s u b e ro n e .  T h is  
oompound, w hich  h a s  a  f l o w e r - l i k e  s m e l l ,  was r e a d i l y  h y d ro ­
g e n a te d  b y  Adams1 o a t a l y s t ,  b u t  t h e  s a t u r a t e d  k e to n e  o n ly  
was fo rm ed . T h is  was l a t e r  o b t a in e d  more c o n v e n i e n t l y  by  
h y d r o g e n a t io n  w ith  p a l l a d i s e d  s t r o n t iu m  c a r b o n a t e .
Clemmensen r e d u c t i o n  now gave d e c a h y d ro a z u le n e , and on h e a t i n g  
th e  v a p o u r  o f  t h i s  w i t h  s e le n iu m  a t  a  h ig h  te m p e r a tu re  ( > 4 0 0 ° )  
a  b l u e  c o l o u r  d e v e lo p e d ,  and a f t e r  s e v e r a l  days c r y s t a l s  o f  
a z u le n e  fo rm ed . The l a t t e r  were i d e n t i f i e d  by  means o f  th e  
t r i n i t r o b e n z e n e  compound, w hich  was th e n  decomposed by 
ch ro m a to g rap h y  t o  g iv e  pu re  a z u l e n e .  At lo w e r  t e m p e r a tu r e s  
(3 0 0 -3 5 0 °)  up to  60$ o f  th e  d e o a h y d ro a z u le n e  was r e c o v e re d  
unchanged .
D e h y d ro g e n a t io n  o f  dec ahy d r  o a z u le n e  w i t h  s u lp h u r  
f o l lo w e d  b y  d i s t i l l a t i o n  o f  th e  p ro d u c t  gave a  b l u e  f r a c t i o n ,  
b a t  7($  o f  th e  s t a r t i n g  m a t e r i a l  was r e c o v e r e d  and much t a r r y  
m a t t e r  was fo rm e d .
A ttem p ts  were made to  d e h y d ro g e n a te  k e t o o c t a h y d r o - , 
k e to d e c a h y d r o - , and d e c a h y d ro a z u le n e s  by h e a t i n g  v d th  S o r  Se 
i n  s e a l e d  t a b e s .  Ho b l a e  p r o d u c t s  were i s o l a t e d .
T rea tm en t  o f  k e to o o ta h y d ro a z u le n e  w i th  a lum inium  
i s o p r o p o x id e  in  b o i l i n g  to lu e n e  o r  x y le n e  g av e  a  m ix tu re  o f  a  
c r y s t a l l i n e  o a r b i n o l  and a lo w e r  b o i l i n g  h y d ro c a rb o n , p r o -  
sum ably t h e  o l e f i n e  form ed by  d e h y d r a t io n .  B o th  o f  th e s e  
p r o d u c t s  c o u ld  be  f a i r l y  r e a d i l y  d e h y d ro g e n a te d  w i th  s e le n iu m , 
b u t  much r e s i n i f i c a t i o n  to o k  p la c e  and th e  y i e l d  o f  a z u le n e  
was n o t  s u f f i c i e n t  to  w a r r a n t  f u r t h e r  i n v e s t i g a t i o n .
T h a t  th e  (0*3 j5 ) - b ic y c lo d e o a n e  s k e l e t o n  c a n  e x i s t
i n  o l a - and t r a n s - form s h as  been  shown by  HfiLckel's worl:
4 . 5
on t h e  4 -k e to d e o a h y d ro a z o le n e s  and t h e  A - o c t a h y d r o a z u le n e s
t r a n sc i s
The decah yd ro  a z u le n e  o b ta in e d  h e re  i s  p o s s i b l y  t h e r e f o r e  a  
m ix tu r e  o f  such  is o m e rs  (b u t  Cj£ a l s o  P l a t t n e r ,  S’l l r s t  and
v ( 3 9 , \J i r a s e k  ; .
An a t t e m p t  was a ls o  made to  p r e p a r e  1 - p h e n y l  a z u le n e
b y  G r ig n a rd  r e a c t i o n  o f  k e to - o c ta h y d r o - a z u le n e  w i th  p h e n y l  
magnesium brom ide  fo l lo w e d  b y  d e h y d ro g e n a t io n .  A b l u e - g r e e n  
o o lo u r  was o b ta in e d  b u t  no t r i n i t r o b e n z e n e  com plex i s o l a t e d .
I t  h a s  s i n c e  b e en  shown b y  P l a t t n e r ^ ® 0  ̂ , how ever, t h a t  a  
p h e n y l  group  i n  t h e  1 - p o s i t i o n  m ig r a te s  t o  t h e  E - p o s i t i o n  
d u r in g  d e h y d ro g e n a t io n  and th e  r e s u l t i n g  2- p h e n y l - a z u le n e  
does  n o t  form an a d d i t i o n  com plex w i th  t r i n i t r o b e n z e n e .
The s u i t a b i l i t y  f o r  l a r g e  s c a l e  p r e p a r a t i o n s  o f  t h i s  
s y n t h e s i s  i s  d o u b t f u l .  A p a r t  from  t h e  d e h y d ro g e n a t io n  s t a g e ,  
w hich  i s  n e c e s s a r y  to  a l l  l a b o r a t o r y  s y n th e s e s  so  f a r  d e v is e d ,  
t h e  a c e t i c  a n h y d r id e - z in o  o h l o r i d e  o y c l i s a t i o n  i s  u n s a t i s ­
f a c t o r y ,  over  5CjS o f  th e  s t a r t i n g  m a t e r i a l  b e in g  o o n v e r te d  to  
a  m ix tu r e  o f  two a c i d s .  Phese g iv e  t h e  same a n a l y s i s ,  and 
th e  same e q u i v a l e n t  (o a  106) i s  o b t a in e d  by  d i s s o l v i n g  them i n  
e x c e ss  UaOH and b a c k - t i t r a t i n g .  D i r e c t  t i t r a t i o n  w i th  a l c o ­
h o l i c  p o t a s h ,  how ever, shows t h a t  w h i l e  one i s  d i b a s i c ,  w i th  
an  e q u i v a l e n t  o f  c a  106 , t h e  o th e r  i s  m onobasio , w i th  an 
e q u i v a l e n t  o f  o a  212 . I n  a d d i t i o n ,  t h e  fo rm er  r a p i d l y  d e ­
c o l o u r i s e s  a l k a l i n e  XM nO^ w h i le  th e  l a t t e r  does n o t .  f h e s e  
f a c t s  p o i n t  t o  t h e  fo rm u la e  XXIX and XXX w ith  w hich  t h e  
a n a ly s e s  a r e  i n  ag reem en t ( t h e  p o s i t i o n  o f  th e  d o u b le  bond  i n  
XXIX b e in g ,  o f  c o u r s e ,  assumed) .
XXIX xxx
A tte m p ts  t o  c y c l i s e  t h e  m ix tu r e ,  o r  th e  p a re  l a c t o n e ,  
b y  Johnson* s m ethod h av e  f a i l e d  c o m p le te ly ,  dae no d o ab t  t o  
t h e  p re s e n c e  o f  t h e  e x t r a  c a r b o x y l  g ro u p .  B o i l i n g  th e  
m ix tu re  w i th  a c e t y l  c h l o r i d e  and t r e a t i n g  th e  p ro d u c t  ( p r e ­
sum ably an a n h y d r id e ;  w i th  SnCl^ b y  t h e  m ethod o f  Gook and 
(67)Lawrence f a i l e d  t o  p ro duce  c y c l i s a t i o n .
T rea tm en t  o f  t h e  m ix tu r e  o f  h a l f  e s t e r s  XXIII and 
XXYIII w i th  anhydrous h y d ro g en  f l u o r i d e  p a r t l y  c o n v e r t e d  i t  
to  a  l i q u i d  a n h y d r id e  o f  XXIX; t h e  r e s t  o f  th e  m a t e r i a l  was 
c o n v e r t e d  to  a  m ix tu re  o f  XXIX and XXX. T rea tm en t o f  th e  
h a l f  e s t e r s  w i th  Hi1 a f t e r  h y d r o g e n a t io n  a l s o  f a i l e d  to  
p ro d u ce  c y c l i s a t i o n .
f u r t h e r  work b y  Johnso n  e t  a l . ^ ® ^  s u g g e s te d  t h a t  
b e t t e r  y i e l d s  m ig h t  b e  o b ta in e d  by  co n d en s in g  e t h y l  s u c c i n a t e  
w i th  o^~oyano su b e ro n e ,  t h e s e  a u th o r s  h a v in g  c a r r i e d  o u t  the  
c o n d e n s a t io n  on oC - c y a n o -k e to h y d ro p h e n a n th re n e s  a c c o rd in g  to  
t h e  schemes
o
KOCfUa
h y d r o l y s i s  and  Dieckmann c o n d e n s a t io n  t a k i n g  p la c e  a t  t h e
same t im e .  < < -cyanosuberone  was t h e r e f o r e  p r e p a r e d  from
(6 9 ,7 0 )h y d ro x y m eth y len e  su b e ro n e  and h y d ro x y lam in e  , b u t
t r e a tm e n t  w i th  e th y l  s u c c i n a t e  and p o ta s s iu m  t e r t - b u to x id e
d id  n o t  p ro d ac e  t h e  p in k  c o l o a r  c h a r a c t e r i s t i c  o f  t h e s e  con­
d e n s a t i o n s  and no k e to n i c  p r o d u c t s  w ere  i s o l a t e d .  S i m i l a r  
t r e a t m e n t  o f  h y d ro x y m e th y le n e su b e ro n e  and m e th oxy m ethy len e-  
sub e ro n e  gave a  p in k  c o l o a r ,  b a t  t h e  p r o d u c t s  a p p ea re d  to  
c o n s i s t  m a in ly  o f  th e  s t a r t i n g  m a t e r i a l .
2 . B e n z a z u le n e  s e r i e s .
B e n z o su b e ro n e ,  t h e  s t a r t i n g  m a t e r i a l  i n  t h i s  s e r i e s ,
i s  o b t a in e d  i n  87$ y i e l d  by t h e  c y c l i s a t i o n  o f  p h e n y ly a l e r y l
c h l o r i d e  w i th  A lClg i n  a  l a r g e  volume o f  b o i l i n g  c a rb o n  
f 71  c f  7 2 )
d i s u l p h i d e  * * . About 14$ o f  benzosub  e ro n e  i s
o b t a i n e d  by t r e a t i n g  th e  c h l o r i d e  w i th  H3P, b u t  t h e  f r e e  a c i d  
i s  n o t  o y c l i s e d  i n  t h i s  way.
P h e n y l  v a l e r i c  a c i d  h a s  b e e n  p r e p a r e d  i n  85$ y i e l d  
from  c in n am aldehyd e  by c o n d e n s a t io n  w i th  m alon io  a c i d  i n  
p r e s e n c e  o f  q u i n o l i n e ,  r e d u c t i o n  o f  th e  c in n am y lid en e ,-m a lo n io  
a c i d  w i th  Raney 3Ji/A l a l l o y  i n  UaCH s o l u t i o n  and d e c a rb o x y la ­
t i o n  o f  t h e  c ru d e  p ro d u c t  by  h e a t i n g  i n  v a c .  i n  t h e  p r e s e n c e  
o f  c o p p e r  pow der.
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T h is  r e p r e s e n t s  a  c o n s i d e r a b l e  advance  on p r e v i o u s  w ork , i n
(73)
w hich  o n ly  27$ o v e r a l l  y i e l d s  have b e e n  o b ta in e d
A nothe r  m ethod  u sed  was t o  h y d ro g e n a te  c in n a m y l id e n e -  
m a lo n ic  a c i d  i n  c e l l o s o l v e  s o l u t i o n  o v e r  p a l l a d i s e d  s t r o n t iu m  
c a r b o n a te  and d e c a rb o x y l  a t e  by b o i l i n g  t h e  s o l u t i o n .  The 
d e c a r b o x y l a t i o n  o f  c in n a m y lid e n e m a lo n ic  a c i d  by h e a t i n g  i n  
p y r i d i n e  o r  q u i n o l i n e  was foun d  t o  b e  u n s a t i s f a c t o r y  owing 
to  t h e  f o r m a t io n  o f  b y - p r o d u c t s  and t a r s .
C o n d e n s a t io n  o f  b e n z o su b e ro n e  w i t h  e t h y l  s u c c i n a t e  
by  t h e  same method as  b e f o r e  gave 67$ o f  c ru d e  a c id io  m a t e r i a l  
w hich  was r e f l u x e d  w i th  AOgO /  HA /  ZnClg s o l u t i o n .  28$ o f  
a  n e u t r a l ,  k e to n i c  o i l  was o b t a i n e d ,  th e  re m a in d e r  o f  t h e  
m a t e r i a l  g i v in g  an a c i d i c  p r o d u c t .  The n e u t r a l  m a t e r i a l
o
was s e p a r a t e d  by  d i s t i l l a t i o n  i n t o  a  s o l i d  k e to n e  m .p .  59-60  
whose se m io a rb az o n e  a n a ly s e d  f o r  th e  r e q u i r e d  k e to h y d ro b e n z - 
a z u le n e  22X11, and a  sm a ll  amount o f  a  s o l i d  m .p .  1 99 -2 0 1 °  
w h ich  gave  a  2 : 4 - d in i t r o p h e n y l h y d r a z o n e  o n ly  on lo n g  s t a n d in g .  
T h is  d id  n o t  a n a ly s e  i n  ag reem en t w i th  e i t h e r  o f  t h e  s t r u c t u r e s  







An a t te m p t  t o  d e h y d ro g e n a te  t h e  fcetone XXXII by- 
h e a t i n g  w i th  Se i n  a  s e a l e d  tu b e  gave  no h i g h l y  c o lo u r e d  
p r o d u c t .
The a c id s  o b ta in e d  d u r in g  t h e  c y c l i s a t i o n  o f  XXXI
w ere  e x t r a c t e d  w i th  HaHCO„ and t h e  r e s i d u e  was o b se rv e d  t oo
h av e  a  p h e n o l i c  s m e l l ,  p o s s i b l y  due t o  th e  p r e s e n c e  o f  
XXXVII, th o u g h  an e t h e r e a l  s o l u t i o n  gave no c o l o u r a t i o n  
w i th  a q .  i?eClg.
The m ix tu r e  o f  a c i d s  h a s  n o t  b e e n  s e p a r a t e d ,  b u t  
may c o n ta in  s e v e r a l  i s o m e r s ,  e . g . ,  XXXIV and XXXV a s  w e l l  
a s  l a c t o n e s  a n a lo g o u s  t o  XXX.
XXXVIII
The k e to n e  XXXII was re d u c e d  w i th  a lum in ium  i s o -  
p ro p o x id e  i n  b o i l i n g  to lu e n e  and t h e  p ro d u c t  s e p a r a t e d  i n t o  
t h r e e  f r a c t i o n s  b y  d i s t i l l a t i o n :  a  f a i r l y  m o b ile  o i l ,
b . p .  9 5 ° / o . l  mm., a  more v i s c o u s  o i l ,  b . p .  1 2 0 ° / Q . l  mm. and 
c r y s t a l s ,  m .p .  1 2 3 -1 2 4 ° .  Jfrom t h e  a n a l y t i c a l  r e s u l t s  t h e  
f i r s t  o f  t h e s e  a p p e a rs  t o  b e  m a in ly  th e  h y d ro c a rb o n  XXXVIII, 
and t h e  seco nd  a  m ix tu r e  o f  t h i s  h y d ro c a rb o n  w i th  t h e  
o a r b i n o l  XXXIX. The h y d ro c a rb o n  was h e a t e d  w i t h  p a l la d iu m  
b l a c k  u n d e r  n i t r o g e n ,  b u t  t h e  m a t e r i a l  t u r n e d  t a r r y  and gave 
no h i g h l y  c o lo u r e d  p r o d u c t s .  The t r i c y c l i c  k e to n e  w as a l s o  
h y d r o g e n a te d  o v e r  PtOg (Adams* c a t a l y s t )  and  Raney n i c k e l .
•The fo rm e r  c a t a l y s t  gave  a  m ix tu r e  o f  s a t u r a t e d  c a r b i n o l  and  
h y d ro c a rb o n , b u t  t h e  l a t t e r  gave  a  more hom ogeneous p r o d u c t ,  
a p p a r e n t l y  m a in ly  c a r b i n o l .  T h is  was d e h y d ro g e n a te d  w i th  
s e le n iu m  a t  c a  4 0 0 ° ,  b u t  a l th o u g h  H^Se was e v o lv e d ,  t h e  p r o ­
d u c t  was a  t a r .  P a l la d iu m  and s u lp h u r  d e h y d ro g e n a t io n s  were 
a l s o  t r i e d  w i th o u t  s u c c e s s .
I t  may b e  n o t e d  t h a t  Cook, McGriimis and M i t c h e l l
w ere  a l s o  u n s u c c e s s f u l  i n  do h y d r o g e n a t in g  a  s i m i l a r  p r e c u r s o r
(82)t o  5 s6 - b e n z a z u le n e
The l i m i t i n g  f a c t o r  i n  t h e s e  s y n t h e s e s  t h e n ,  i s  t h e  
f i n a l  d e h y d ro g e n a t io n  o f  a  r e l a t i v e l y  s a t u r a t e d  s t r u c t u r e  
w h ich  g i v e s  y i e l d s  o f  c a  1^ o r  l e s s .  The d i a z o a c e t i c  e s t e r  
m ethod  i 3 s u p e r i o r  i n  t h i s  r e s p e c t  s i n c e  t h r e e  d o u b le  b o n d s
a re  p r e s e n t  b e f o r e  d e h y d ro g e n a t io n ,  b u t  even h e re  th e  y i e l d s  
a r e  se ldom  more th a n  5 -10$  and o f t e n  muoh l e s s ,  e s p e c i a l l y  
i f  d e c a r b o x y l a t i o n  i s  t a k i n g  p l a c e  s im u l t a n e o u s ly .  I f  th e  
m a t e r i a l  t o  b e  d e h y d ro g e n a te d  i s  s a t u r a t e d ,  a s  e . g . ,  d e ca -  
h y d r o a z u l e n e , th e  r e a c t i o n  r e q u i r e s  d r a s t i c  c o n d i t i o n s ,  b u t  
t h e  u n r e a c t e d  s t a r t i n g  m a t e r i a l  i s  r e l a t i v e l y  s t a b l e  and oan  
b e  r e c o v e r e d  : w h e reas  i f  i t  i s  u n s a t u r a t e d  t h e r e  i s  a  con ­
s i d e r a b l e  l o s s  from  r e s i n i f i o a t i o n ,  and t h e  t im e  o f  c o n t a c t  
w i th  t h e  c a t a l y s t  m ust be k e p t  to  a  minimum. T h is  a p p l i e s  
e s p e c i a l l y  i n  t h e  c a s e  o f  a z u le n e  i t s e l f  w hich  i s  n o t  so 
s t a b l e  a s  i t s  h i g h e r  hom ologues and i s  q u i t e  r e a d i l y
n ( 3 5 , 3 6 )
i s o m e r i s e d  t o  n a p h th a le n e  a t  t e m p e r a tu r e s  a ro u n d  300
I n  an a t t e m p t  to  overcome t h e s e  d i f f i c u l t i e s  an  a p p a r a tu s
was c o n s t r u c t e d  f o r  d e h y d ro g e n a t io n  i n  t h e  v a p o u r  p h a se  and
s u b s e q u e n t  rem ova l o f  t h e  p r o d u c t s  from  t h e  r e a c t i o n .  T h is
(78)
was b a s e d  on an  a p p a r a tu s  d e s o r i b e d  by  R u z ic k a  and i s  
i l l u s t r a t e d  i n  th e  accom panying d iag ram  A* The c a t a l y s t  
oan be  h e a t e d  e l e c t r i o a l l y  to  any d e s i r e d  t e m p e r a tu r e ,  and 
th e  r a t e  o f  f low  o f  th e  s u b s t r a t e  i s  d e te rm in e d  b y  t h e  
n i t r o g e n  s t r e a m .  The v a p o u r  i s  t h e n  oondensed  and c o l l e o t e d  
i n  a  r e s e r v o i r  and oan b e  r e t u r n e d  p e r i o d i c a l l y  t o  t h e  
b o i l i n g  f l a s k  v i a  th e  t a p .
T h is  a p p a r a t u s  was u se d  f o r  th e  d e h y d ro g e n a t io n  o f  
d e c a h y d ro a z u le n e  o v e r  a  I C f f  p a l l a d iu m  c h a r c o a l  c a t a l y s t ,  b u t
*1.
some o f  t h e  a z u le n e  form ed a p p e a re d  to  decompose i n  t h e  
b o i l i n g  f l a s k ,  and  a t  h ig h  t e m p e r a tu r e s  (o a  400°) t h e  f o r ­
m a t io n  o f  n a p h th a le n e  was n o t e d .  The t r i c y c l i c  c a r b i n o l  
o b t a in e d  b y  Haney n i c k e l  r e d u c t i o n  o f  t h e  k e to n e  XXXII was 
a l s o  v a p o u r i s e d  i n  t h i s  a p p a r a tu s  a t  o_a 4 3 0 ° ,  b u t  no 
o o lo u re d  p r o d u c t s  were o b t a i n e d .
The a p p a r a tu s  used  t i l l  r e c e n t l y  b y  P l a t t n e r  and 
h i s  c o l l a b o r a t o r s  i n  Z d r ic h  f o r  th e  d e h y d ro g e n a t io n  o f  d i a z o -  
a c e t i o  e s t e r  a d d u c ts  was a  s im p le  c o l l a r  f l a s k  a s  shown i n  
d iag ram  B . The s u b s t r a t e  i s  dHopped on to  t h e  h e a t e d  
c a t a l y s t  from  a f i n e  p i p e t t e  and t h e  p r o d u c t  a l lo w e d  to  c o n ­
d e n se  i n  t h e  o o l l a r ,  from  w hich  i t  oan  be rem oved p e r i o d i c a l l y  
w i t h  a p i p e t t e ,  th e  a z u le n e  e x t r a o t e d  w i th  p h o s p h o r ic  a c i d ,  
and th e  r e s i d u e  r e - t r e a t e d .  T h is  h a s  now b e e n  r e p l a c e d  b y  
t h e  a p p a r a tu s  shown i n  d iag ra m  0 , w hioh  was u se d  f o r  t h e  p r e ­
p a r a t i o n  o f  E - m e th y la z u le n e -6- o a r b o x y l i c  e s t e r  a s  d e s c r i b e d  
b e lo w . The c a t a l y s t  i s  c o n ta in e d  i n  t h e  h o r i z o n t a l  p o r t i o n  
o f  th e  t u b e ,  t h e  v e r t i c a l  p a r t  b e in g  l o o s e l y  packed  w i th  
g l a s s  wool i n  o r d e r  to  e n s u re  th e  v a p o r i s a t i o n  o f  t h e  
m a t e r i a l  b e f o r e  i t  r e a c h e s  t h e  c a t a l y s t .  H ere  a g a in  t h e  
a z u le n e  i s  e x t r a c t e d  from  t h e  p ro d u c t  b e f o r e  r e - c y c l i n g ,
w h ich  may b e  r e p e a t e d  s e v e r a l  t i m e s .  B eC en tly  ( A p r i l  1949)
(74)
Uunn and Bapson h av e  d e s c r i b e d  an  a p p a r a tu s  f o r  v a p o u r  
p h a se  d e h y d ro g e n a t io n  i n  vacuo w h ich  h a s  a p p a r e n t l y  b e e n
v e ry  s u c c e s s f u l  i n  t h e  p r o d u c t i o n  o f  1 : 2- b e n z a z u le n e  from  t h e  
c a r b i n o l  XL  v/hich c o u ld  n o t  be d e h y d ro g e n a te d  "by o t h e r  m eans .
oh
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A s t i l l  more r e c e n t  p a p e r  (May 1949) b y  th e s e  a u th o r s ^ 8(^  
d e s c r i b e s  t h e  d e h y d ro g e n a t io n  o f  XLI t o  4 :5 -b e n z a z u le n e  XXVII, 
w hich  how ever, was fo u n d  to  be  u n s t a b l e  and h a s  o n ly  been  
i s o l a t e d  as  t h e  W  o r  t r i n i t r o b e n z e n e  c o m p le x e s .
A f u l l  c h e m ic a l  i n v e s t i g a t i o n  o f  t h e  a z u le n e  
s t r u c t u r e  s t i l l  a w a i t s  th e  d i s o o v e r y  o f  a  s u i t a b l e  s y n t h e t i c  
m etho d . The m ost h o p e f u l  l a r g e  s c a l e  p r o c e s s  so f a r  r e ­
p o r t e d  i s  t h e  p o l y m e r i s a t i o n  o f  a c e ty l e n e  w i th  a  n i c k e l
c y a n id e  o a t a l y s t  w hich  was d e v e lo p e d  i n  Germany d u r in g  t h e
( 5 2 )w ar f o r  t h e  s y n t h e s i s  o f  c y c l o o c t a t e t r m e n e  . A zu lene  i s  
p ro d u c e d  a s  a  by  p r o d u c t  i n  t h i s  r e a c t i o n ,  and i s  b e l i e v e d  to  
have  b e e n  o b t a in e d  i n  f a i r l y  l a r g e  q u a n t i t i e s ,  b u t  s i n c e  i t  
i n v o l v e s  h a n d l in g  a c e t y l e n e  a t  15 atm* p r e s s u r e  i t  i s  n o t  
s u i t a b l e  f o r  o r d i n a r y  l a b o r a t o r y  u s e .
D u rin g  a  few m onths s p e n t  i n  t h e  l a b o r a t o r i e s  o f  
P r o f e s s o r  L* B u z io k a  and P r o f e s s o r  P.A* P l a t t n e r  a t  t h e  
E id g e n d s s i s e h e  T eo h n isch e  H o c h sc h u le ,  Z & rich , some new com­
pounds o f  th e  a z u le n e  s e r i e s  were p r e p a re d  by  u t i l i s i n g  th e
c o m p a r a t iv e ly  r e a d i l y  a v a i l a b l e  2-m etb .y l-6- o a rb e th o x y a z u . le n e .
T h is  e s t e r  (XLH) was made b y  t r e a t i n g  2 -m e th y l in d a n e  
w i th  d i a z o a c e t i o  e s t e r  and d e h y d ro g e n a t in g  t h e  medium b o i l i n g  
f r a c t i o n  o f  th e  p r o d u c t  w i th  10$ p a l la d iu m  c h a r c o a l  i n  t h e  
v a p o u r  phase  a p p a r a t u s  p r e v io u s V  m e n tio n ed  (d ia g ra m  G ) . T h is  
p r o c e s s  gave  o v e r a l l  y i e l d s  o f  £ a  7$ from  2- m e th y l in d a n e .  A 
sp ec im en  o f  2 -m e th y la z u le n e  f o r  X -ra y  and i n f r a - r e d  m e a su re ­
m e n ts  was a l s o  p r e p a r e d  by  d e h y d ro g e n a t in g  th e  a d d i t i o n  p r o ­
d u c t  a f t e r  h y d r o l y s i s .  The y i e l d  i n  t h i s  c a s e  was oa 2*5$ 
from  2- m e th y l in d a n e .
I t  was f i r s t  o f  a l l  d e s i r e d  t o  p r e p a r e  t h e  amide X L III  
and a t t e m p t  i t s  d e g r a d a t i o n  b y  th e  Hofmann r e a c t i o n  to  t h e  
amine XLIV, a  ty p e  o f  compound h i t h e r t o  unknown i n  t h e  a z u le n e  
s e r i e s .  The e s t e r  was t h e r e f o r e  h y d r o ly s e d  w i t h  1$ a l c o h o l i c  
p o t a s h  t o  t h e  f r e e  a c id  XLV, w hich  was th e n  t r e a t e d  w i t h  
t h i o n y l  c h l o r i d e  and ammonia. Ho amide was o b ta in e d  how ever, 
t h e  p r i n c i p a l  p ro d u c t  b e in g  a  g r e e n  amorphous compound s o l u b l e  
o n ly  i n  a l c o h o l s .  Hext t h e  e s t e r  was t r e a t e d  w i t h  a l c o h o l i c  
ammonia i n  t h e  c o ld ,  b u t  a f t e r  s t a n d in g  f o r  a  week and th e n  
r e f l o x i n g ,  no amide was o b t a i n e d .  T re a tm e n t  o f  th e  e s t e r  
a t  190° f o r  23 h o u r s  w i th  ammonia gas  i n  96$ e th a n o l  c o n t a i n ­
i n g  a  few d ro p s  o f  e th y le n e  g l y c o l  gave  t h e  amide i n  oa  76$ 
y i e l d ,  t o g e t h e r  w i th  a  l i t t l e  o f  th e  f r e e  a c i d .  I t  i s  
i n t e r e s t i n g  to  n o te  t h a t  when 99$ a lc o h o l  was s u b s t i t u t e d ,
v e ry  l i t t l e  amide was form ed and th e  e s t e r  was r e c o v e r e d  
u n c h a n g e d .
The Hofmann r e a c t i o n  on t h e  amide X L III  was a t t e m p te d  
u s in g  sodium  h y p o c h l o r i t e ,  as i t  was th o u g h t  t h a t  h y p o b ro m ite  
m ig h t  l e a d  to  h a l o g e n a t i o n  o f  t h e  a z u le n e  n u c l e u s .  Hypo- 
o h l o r i t e  was fo u n d  t o  be w i th o u t  a c t i o n  on g u a ja z u le n e  u n d e r  
t h e  c o n d i t i o n s  o f  th e  r e a c t i o n .  The amide was k e p t  f o r  2 
h o u r s  a t  35° w i th  aqueous HaOHrHaOCl, b u t  was r e c o v e r e d  
l a r g e l y  u nchanged . I t  was n e x t  so u g h t  to  p r e p a r e  t h e  
u r e th a n e  XLV I  b y  o a r r y i n g  o u t t h e  r e a c t i o n  i n  m e th a n o l ,  b u t  
h y d r o l y s i s  r e s u l t e d  and much o f  t h e  amide was c o n v e r t e d  to  
th e  f r e e  a c i d .  The r e s t  o f  th e  m a t e r i a l  was n o t  a c i d  s o l u b l e .
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Owing to  s h o r t a g e  o f  t im e  t h e  Hofmann r e a c t i o n  was 
n o t  p u r s u e d ,  and a t t e m p t s  w ere  made t o  r e d u c e  t h e  amide w i th  
l i t h i u m  alum in ium  h y d r id e  to  o b t a i n  t h e  amine XLVII, b u t  t h e s e  
w ere  u n s u c c e s s f u l ,  o n l y  a  t r a c e  o f  p in k  a c i d  s o l u b l e  m a t e r i a l  
b e in g  o b t a i n e d .
2 - M e t h y l - 6 - o a r b e t h o x y a z u l e n e  w a s  a l s o  t r e a t e d  w i t h  
l i t h i u m  a l u m i n i u m  h y d r i d e  a n d  r e a d i l y  g a v e  a  c r y s t a l l i n e ,  
v i o l e t  a l c o h o l  X L V III . A s i m i l a r  v i o l e t  c o m p o u n d  w a s  a l s o
pro d u o ed  by  r e d u c t i o n  o f  th e  f r e e  a c id  2 LY. w i th  LiAlH^, b u t
t h i s  m a t e r i a l  was n o t  c h a r a c t e r i s e d .  D u rin g  t h e  r e d u c t i o n  
o f  th e  e s t e r  a  t r a c e  o f  p u re  b lu e  m a t e r i a l ,  n o t  a b so rb e d  on 
th e  chrom atogram , and w i th  a  oomplex sp e c tru m  s u g g e s t i n g  
2 : 6 - d im e th y l  a z u le n e  XLIX, was o b t a i n e d .
38 .
E x p e r im e n ta l  
1 .  A aa len e  S e r i e s .
S abe ro n e
, v ( 6 6 >(1 )  Method o f  M o s e t t ig  and B a rg e r
480 g .  o y c lo h exanone d i s s o l v e d  i n  600 m l.  m e th an o l  
was added to  8 .7 5  1 .  o f  an e t h e r e a l  s o l a t i o n  c o n t a i n i n g  269 g .  
d ia z o m e th a n e .  (The l a t t e r  was p r e p a r e d  from  n i t r o s o m e t h y l -  
a r e a  i n  t h e  a s a a l  way and e s t im a t e d  b y  t r e a t i n g  a  sam ple  w ith  
e x c e s s  g l a o i a l  a c e t i o  a o id  and m e a sn r in g  th e  n i t r o g e n  g iv e n  
o f f )  . The m ix ta r e  was c o o le d  i n i t i a l l y  to  0° b a t  a s  o n ly  a  
s low  r e a c t i o n  s e t  i n  i t  was a l lo w e d  t o  s t a n d  a t  room te m p e ra -  I 
t a r e  f o r  two w e ek s ,  a f t e r  w h ic h  i t  became a lm o st c o l o a r  l e s s .
The e t h e r  and m e th a n o l  w ere  d i s t i l l e d  o f f  and th e  r e s i d a e  
f r a o t i o n a t e d ,  d a r in g  w h ich  15 g .  o f  a  w h i t e ,  h y g ro so o p io  
s o l i d  m. 1 2 8 -3 5 °  s e p a r a t e d  and was f i l t e r e d  o f f  (po lym ethylenesS j 
o f .  M o s e t t ig  and B a rg e r  l o c . o i t . ) .  The s e p a r a t i o n  was fo a n d  jj 
t o  be o n s a t i s f a o t o r y  owing t o  t h e  p r e s e n c e  o f  o y o lo -o o ta n o n e  
and o t h e r  b y  p r o d a o t s  so t h e  f r a c t i o n s  w ere  re -c o m b in e d  and j 
t r e a t e d  w i th  sod iam  b i s a l p h i t e  s o l a t i o n .  A f t e r  w ash in g  w i th  j 
e t h e r  t h e  oompoand was s team  d i s t i l l e d  w i th  Ha^GO^, th e  j
d i s t i l l a t e  d r i e d  and  r e - d i s t i l l e d  i n  v a c .  155 g . ,  )
b .  7 3 -7 7 ° /2 3  mm. ( 2 8 $ ) .  I t  was i d e n t i f i e d  a s  s a b e ro n e  b y
means o f  t h e  se m io a rb azo n e  which c r y s t a l l i s e s  from  a lo o h o l  i n  
s h i n i n g  p l a t e s  m. 1 6 2 - 1 6 3 .5 ° ,  w h i le  c y o lo h exanone s e m ic a r -  
b azo n e  c r y s t a l l i s e s  i n  e f f l o r e s c e n t  n e e d l e s  m. 1 6 6 -1 6 7 .5 °  
w hich  a r e  e a s i l y  d i s t i n g u i s h e d . Mixed m .p .  1 5 6 -1 5 9 ° .  The 
r e s i d u e s  from  t h e  b i s u l p h i t e  e x t r a c t i o n s  w ere  t r e a t e d  w i th  
s e m io a rb a z id e  h y d r o c h lo r id e  and p y r i d i n e  i n  a q .  a l c o h o l  and 
gave  3 .0 1  g .  o f  a  se m io a rb az o n e  m. 1 6 1 -1 6 3 ° ,  mixed w i t h  
su b e ro n e  se m ic z .  m. 1 5 1 -1 5 4 ° ,  m ixed w i th  o v o lo h exanone se m io z .  
m. 150 -155° ( o y o l o - o o tan o n e  se m io z .  m. 1 6 3 - i 6 4 . 5 ° ) .
The r e s i d u e s  from  t h i s  t r e a tm e n t  w ere  d i s t i l l e d  and 
gave 138 g. ,  b .  1 4 0 ° /2 3  mm. o f  a  y e l lo w  o i l  w hioh  t u r n e d  deep 
o r im so n  on s t a n d i n g ,  and 2 0 .2  g . ,  b .  1 6 0 -1 8 0 ° /2 3  mm. o f  a  
t h i c k  o ra n g e  o i l .  These c o r r e s p o n d  w i th  th e  by  p ro d u o ts  
fo u n d  b y  K o h l e r ^ .
1 ) .  A* - o v o lo h ex en v l  c a r b i n o l  b .  9 2 - 9 4 ° / l 5  mm.
2) . p i - c y o lo h e x r ld io x a n e  ( ? )  b .  1 4 7 . 5 - 1 4 8 ° / l l  mm.
/  c  e  j
( i i )  Method o f  K o h le r ,  T i s h l e r ,  P o t t e r  and Thomson
To a  s t i r r e d  m ix tu r e  o f  10 m l .  o y o lo h ex ano ne . 10 m l .  
a b s .  m e th a n o l  and  50 mg. a n h y d r .  Ha^CO^ was added 1 m l.  
n i t r o s o m e t h y l u r e t h a n e . A f t e r  an  i n d u c t i o n  p e r io d  o f  about 
30 m in a t e s ,  r e a c t i o n  commenced, a s  e v id e n c e d  b y  a r i s e  i n  
t e m p e r a tu r e  and e v o l u t i o n  o f  n i t r © g e n .  The te m p e r a tu re  was 
k e p t  a t  2 0 -2 5 °  b y  i c e  w a te r  and th e  r e m a in d e r  o f  th e  12 g .
4 0 .
n i t r o s o m e t h y lu r e th a n a  added  o v e r  two h o u r s .
The m i i t u r e  was s t i r r e d  f o r  a  f a r t h e r  h o a r  and l e f t  
o v e r n i g h t .  A f t e r  rem oving  t h e  a lo o h o l  t h e  k e to n e  was p u r i -  
f i e d  t h r o a g h  t h e  h i s a l p h i t e  oompoand, and r e d i s t i l l e d .
Y ie ld ,  5 g .  b .  1 7 8 -1 8 2 ° /7 6 0  mm. (4S?i) .
(3 -o a r t  e th o x y -  9 -  A'-aaberenyl propionic a o id  ZZII1. (S to b b e  
condensation on sab e r o n e . )
50 g .  sab e ro n e  and  120 g .  e t h y l  s a o e i n a t e  w ere  added  
to  a o h i l l e d  s o l a t i o n  o f  25  g .  p o ta s s iu m  i n  500 m l.  t - b a t y l  
a lo o h o l ,  and th e  m ix tu r e ,  w h ich  d e v e lo p e d  a deep  p in k  o o l o a r ,  
was r e f l u x e d  40 m in a t e s ,  i n  an  a tm osp here  o f  n i t r o g e n .  A f t e r  
o o o l in g  and a c i d i f y i n g  w i th  HC1 ( l j 5 )  th e  a lo o h o l  was removed 
a n d e r  re d a o e d  p r e s s u r e ,  t h e  o i l  e x t r a c t e d  w i th  e t h e r ,  w h ich , 
a f t e r  w a sh in g ,  was e x t r a c t e d  w i t h  HagOO^ s o l a t i o n .  T h is  was 
washed w i t h  e t h e r  and a c i d i f i e d ,  y i e l d i n g  98 g .  Grade a c i d i c  
m a t e r i a l ,  w h ich  on d i s t i l l a t i o n  gave t h e  f o l lo w in g  f r a c t i o n s  *-
1) b .  1 6 0 ° / l* 5  mm; o a  10 ml* s o l i d i f i e d  to  s m a l l  w h i te
n e e d le s *
2) b .  1 8 0 ° / l . 5  mm. an  o i l .
These f r a c t i o n s  ( i s o m e r io )  w ere  n o t  s e p a r a te d *  
t o t a l  y i e l d  7 2 .5  g .  ( 68$ ) .
A s m a l l  amount o f  t h e  s o l i d  was c o l l e c t e d  and 
c r y s t a l l i s e d  from  p e tro leum *  c l u s t e r s  o f  w h i t e  n e e d l e s ,  
m .p .  6 8 - 7 0 ° .
4 1 .
(Eound: G ■ 6 5 .1 $ ,  H - 8 .2 $ ;  Gi 3 S 20°4 r e q a i r e s  C = 6 5 .0 $ ,
H * 8 . 3 $ ) .
E x a m in a t io n  o f  th e  r e s i d u e s  a f t e r  t h e  a l k a l i n e  
e x t r a c t i o n  r e v e a l e d  some unchanged sob e ro ne  w hich  on r e - t r e a t ­
m ent gave  a  f a r t h e r  q u a n t i t y  o f  h a l f  e s t e r ,  b r i n g i n g  t h e  t o t a l  
y i e l d  ap to  80 $ .
1 - k e t o -  A 9 *1Q- o c ta h y d r o a z a l e n e  XXIY.
1 3 .6  g .  o f  th e  above m ix t a r e  o f  i s o m e rs  was d i s s o l v e d  
i n  155 m l.  a c e t i c  a n h y d r id e  and 78 m l.  g l a c i a l  a c e t i c  a c id  
c o n t a i n i n g  20 mg. f a s e d  z in c  c h l o r i d e  p e r  m l .  T h is  was r e -  
f l a x e d  f o r  3 . 1 / 2  h o a r s  i n  a  c o r r e n t  o f  n i t r o g e n .  155 m l .  
w a te r  was t h e n  added fo l lo w e d  by  62 m l.  c o n c .  HC1 and th e  
s o l a t i o n  r e f l a x e d  a  f a r t h e r  45 m in a te s  t o  h y d r o ly s e  t h e  i n t e r ­
m e d ia te  P —k e to  e s t e r .  The s o l v e n t  was d i s t i l l e d  o f f  i n  
v a c .  and t h e  r e s i d a e  d i g e s t e d  w i th  200 m l .  5$ KGK f o r  l / 2  
h o a r  on t h e  s team  b a t h .  Erom t h i s  b y  e t h e r  e x t r a c t i o n  was
o b ta in e d  2 .1  g .  k e to n e ,  b .  6 2 - 6 4 ° / 0 .1  mm. ( 2 5 $ ) .  A f t e r
0
p a r i f i c a t i o n  th r o a g h  t h e  sem io a rb azo n e  (m. 235-236 decom p.; 
Found C = 6 3 .8 $ ;  H = 8 .1 $ ;  1  = 2 0 .4 $ ;  ^ 11^ 17 ^®$ r e q a i r e s
C = 6 3 .8 $ ;  H = 8 .2 $ ;  H = 2 0 .3 $ ) .  T h is  w as o b t a i n e d  a s  a  
c o l o u r l e s s  o i l ,  b .  5 8 - 6 0 ° /0 * l  mm. ]ipS = 1 .5 2 7 5 .
(Found 0 = 7 9 .9 $ ;  H = 9 .2 $ ;  G10S1 4 0 r e q a i r e s  0 = 8 0 .0 $ ;
H 3 9 . 3 $ ) .
D a rin g  th e  o y o l i s a t i o n  c o n s i d e r a b le  d a rk e n in g  
o c c u r r e d  even  when ,TA n a la r ,T r e a g e n t s  were u s e d .  The a l k a l i n e  
e x t r a c t s  on a c i d i f i c a t i o n  gave 1 .5 2  g .  o f  a  b ro w n ish  w h i te  
s o l i d  m. 1 5 7 -1 6 0 ° .
On a  l a r g e r  s c a l e  5 7 .5  g .  m a t e r i a l  was t r e a t e d  as 
above: a  deep p u r p l e  c o l o a r  d e v e lo p e d  on add ing  t h e  HOI, and
some s o l i d  p r e c i p i t a t e d  d a r in g  th e  rem oval o f  th e  s o l v e n t .
8 .5  g .  k e to n e  (24$) was o b ta in e d  and a  t o t a l  o f  2 8 .2  g .  
a c i d i c  s o l i d ,  i n c l u d i n g  two l o t s  o f  m a t e r i a l  p r e c i p i t a t e d  as  
abov e , and a  t h i r d  o b t a i n e d  by  a l k a l i  e x t r a c t i o n .  These 
h a d  m .p .  168-170° , 1 8 4 -1 8 6 °  and 1 7 4 -1 7 5 °  ( s i n t .  157°)  r e -  
s p e c t i v e l y  and on p u r i f i c a t i o n  by  r e p e a t e d  c r y s t a l l i s a t i o n  
from  d i l a t e  a c e t i c  a c i d  were fo un d  to  c o n t a i n  two p u re  com­
pounds o n ly :  (A) s t r o n g  w h i te  n e e d l e s  m. 171° (Found:
Q = 6 2 .3 $ ;  H = 7 .2 $ )  and  (B) s m a l l  w h i t e  p l a t e s  m. 1 8 4 -186 °  
(F ound : 0 = 6 2 .3 $ ;  H 3 7 . 4 $ ) .  Mixed m .p .  1 5 8 -1 6 1 ° .  The
fo r m e r  d e c o l o u r i s e d  KMh04 r a p i d l y ,  t h e  l a t t e r  d i d  n o t .  
T i t r a t i o n  o f  a c id  by  p r o d u c t s .
71 mg. A was d i s s o l v e d  i n  10 m l.  0 .1  H HaGH and
t i t r a t e d  w i t h  0 .1  1  HOI u s in g  p h e n o lp h t h a l e in  as  i n d i c a t o r .
T i t r a t i o n  = 2 .4  m l .
. * .  71 mg. A = 7 .6  m l.  0 .1  I  HaCH
i . e .  e q u iv .  o f  A 3 ^  x  1 0 ,0 0 0  B
1000 7 .6
B was t i t r a t e d  s i m i l a r l y :  7 7 .5  mg. = 8 .0  m l .  0 .1  U HaOH
i . e .  e q u iv .  o f  B = 9 7 .
D i r e c t  t i t r a t i o n s  w ere  t h e n  c a r r i e d  o u t  i n  a l c o h o l i c
s o l u t i o n  u s in g  a l c o h o l i c  KGK w ith  p h e n o lp h t h a l e in  as  i n d i c a t o r .
10 m l.  0 .1  U HOI - 1 2 .1  m l .  KQH
81 mg. A * 9 .2  m l .  KOH
.* .  e q u iv .  o f  A r ^  x  1 2 .1  x 1000 = 1 0 6 .5
1000  9 . 2  ~  -------------------------
75 mg. B = 5 .1  m l .  XQH
. *. e q u iv .  o f  B = — ̂  x  1 2 .1  x  1000 =
1000 5 .1
(XXIX ( g11h 16g4 ) r e q u i r e s  C = 6 2 .3 $ ;  H = 7 .6 $ ;  e q u iv .  = 106:
XXX ^Gh Hi 6 ^4  ̂ 0 B 6 2 .3 $ ;  H = 7 .6 $ ;  e q u iv .  * 2 1 2 .)
S u b seq u e n t  p r e p a r a t i o n s  o f  t h e  k e to n e  w ere  c a r r i e d  
o u t  w i th o u t  p u r i f y i n g  t h e  i n t e r m e d i a t e  h a l f  e s t e r ,  and y i e l d s  
up to  33$ from  su b e ro n e  w ere  o b t a i n e d .
1 -Ke t  o -d ec ah y  d r  o a z u l e n e .
1 .3 4  g .  XXIY was sh a k e n  w i th  h y d ro g e n  i n  p re s e n c e  o f  
Adams* p la t in u m  c a t a l y s t  i n  e th a n o l  f o r  5 h o u r s  a f t e r  w hich  
th e  a b s o r p t io n  was v i r t u a l l y  c o m p le te .  The p r o d u c t  gave a 
se m io a rb az o n e  m. 229-230°  decomp. (Found C = 6 3 .3 $ ;  H = 8 .9 $ ;  
H = 2 0 .0 $ :  r e q u i r e s  0 a 6 3 .2 $ ;  H = 9 .1 $ ;  I  = 2 0 .1 $ )
U sing  Pd/SrGOg t h e  r e d u c t i o n  was c o m p le te  i n  2 . 1 /4  
h o u r s ,  t h e  same p r o d u c t  b e in g  fo rm ed .
D e c a h y d ro a z u le n e .
0 .9  5 g .  1 - k e to - d e c a h y d r o a z u le n e  was re d u c e d  b y  
Qlemmensen*s m ethod u s in g  2 g .  am algam ated z in c  and 6 m l .
HOI (7 p a r t s  cone . HOI: 3 p a r t s  H^O) w i th  a few d ro p s  o f
g l a c i a l  a c e t i c  a c i d .  A f t e r  12 hours*  r e f l u x i n g  25$ o f  th e  
m a t e r i a l  was unchanged . A f t e r  30 hours*  r e f l u x i n g  a  60$ 
y i e l d  o f  d e c a h y d ro a z u le n e  fc. 192° was o b t a i n e d ,  10$ o f  t h e  
k e to n e  b e in g  r e c o v e r e d .
D e h y d ro g e n a tio n  o f  dec ahydro  az u l  e n e .
1 .1 6  g .  dec ahydro  a z u le n e  was r e f l u x e d  w i th  3 .5  g .  Se 
a t  360° f o r  4 d a y s  u s i n g  a  lo n g  n eck ed  f l a s k  w i th  i n t e r n a l  
c o n d e n s e r ,  t h e  t e m p e r a tu r e  b e in g  a l lo w e d  to  r i s e  f i n a l l y  to  
p>400°. B lu e  c r y s t a l s  fo rm ed  on t h e  c o n d e n s e r  and on ex­
t r a c t i n g  w i t h  p e t ro le u m  a  deep  b l u e  s o l u t i o n  was o b t a i n e d .  
T h is  was e x t r a c t e d  w i th  p h o s p h o r ic  a c id  ( s . g .  1 . 7 5 ) ,  t h e  
e x t r a c t  w ashed w i th  p e t ro le u m ,  d i l u t e d  and e x t r a c t e d  w i th  
e t h e r .  On e v a p o r a t i o n  o f  t h e  l a t t e r  a  b lu e  s o l i d  r e m a in e d .  
T h is  was t a k e n  up i n  5 m l.  a l c o h o l  and  warmed w i th  100 mg. 
j3- t r i n i t r o b e n z e n e .  On c o o l in g  f i n e  brown n e e d l e s  w ere  
d e p o s i t e d  w h ich  on r e c r y s t a l l i s a t i o n  from a lo o h o l  gave  56 mg. 
a z u le n e  t r i n i t r o b e n z o l a t e  m. 165 -1 67°  ( l i t .  1 6 6 .5 - 1 6 7 .5 ° ) •  
T h is  was d i s s o l v e d  i n  10 m l .  c y c lo h e x a n e /b e n z e n e  ( 1 :1 )  and 
p a s s e d  th r o u g h  a  5 cm. column o f  a lu m in a .  The a z u le n e  was 
w ashed  th ro u g h  w i th  20 m l. c v o lo h ex an e  and th e  r e s u l t i n g  deep
■blue s o l u t i o n  d i s t i l l e d  ( th r o u g h  a  s h o r t  column to  p r e v e n t  
v o l a t i l i s a t i o n  o f  a z u le n e )  . B r i g h t  b lu e  c r y s t a l s  o f  a z u le n e  
rem ain ed  m. 8 5 -8 9 °  (m ic ro  a p p a r a tu s  ) ( l i t .  9 8 - 9 9 ° ) .
1 g .  h y d ro c a rb o n  and 0 .2  g .  s u lp h u r  (16$ o f  th e o r y )  
w ere h e a t e d  i n  a  lo n g  n eck ed  f l a s k  to  210° when r e a c t i o n  s e t  
i n  and H^S was e v o lv e d .  A f t e r  12 h o u r s  a t  210-240° th e  
e v o l u t i o n  o f  a p p e a re d  to  have s to p p e d  and th e  d a r k ,  brown 
t a r r y  p r o d u c t  was d i s t i l l e d .  0 .7 1  g .  h y d ro c a rb o n  was r e ­
c o v e re d ,  f o l lo w e d  b y  a  d rop  o f  a  b r i g h t  dob a l t  b lu e  l i q u i d .  
The c o lo u r  c o u ld  b e  e x t r a c t e d  w i th  c o n c .  p h o sp h o r ic  a c id  and 
r e g e n e r a t e d  b y  d i l u t i o n  w i t h  w a t e r .
H e a t in g  w i t h  s e le n iu m  a t  360° f o r  55 h o u r s  gave a  
d e e p e r  b l u e  p r o d u c t  w i th  no t a r i y  m a t t e r ,  b a t  63$ o f  t h e  
h y d ro c a rb o n  was r e c o v e r e d  and t h e  amount o f  a z u le n e  p r e s e n t
was to o  s m a l l  t o  i d e n t i f y .  T re a tm e n t  w i th  a  few mg. a - t r i -
o
n i t r o b e n z e n e  i n  a l c o h o l  gave  some b l a c k  n e e d l e s  m. o a  110 
decomp.
H e a t in g  d e c a h y d ro a z u le n e  o r  XXIY w i th  se le n iu m  i n  
s e a l e d  tu b e s  a t  3 00 -35 0°  f o r  p e r i o d s  up t o  52 h o u r s  gave  no 
b l u e  p r o d u c t s .
P o n n d o rf  r e d a c t i o n  o f  k e to o c ta h y d r o a z a l e n e  XXIY.
The k e to n e  XXIY ( 2 .7 5  g . )  was r e f l u x e d  f o r  4 h o u r s  
w i th  a lum in ium  i s o p r o p o x id e  ( r e - d i s t i l l e d ,  8 g . )  i n  x y le n e  
(50  m l . )  . A f t e r  w ash ing  w i t h  d i l .  HC1 and e v a p o r a t i n g  th e
s o l v e n t ,  t h e  p r o d u c t  was d i s t i l l e d ,  g iv in g  two f r a c t i o n s : -
( l )  m o b ile  b .  8 0 ° / l 7  mm. ( 0 .3 7  g . )  and (2) v i s c o u s  b .  c_a
1 4 0 ° / l  mm. ( 1 .8 2  g . ) .  The l a t t e r  was r e - d i s t i l l e d  b .  1 4 8 ° /
1 mm., and was r e c r y s t a l l i s e d  from  a q .  a lc o h o l  to  g iv e  f i n e
w h i te  n e e d l e s  m .p .  4 1 ~ 4 3 ° . The a n a l y s i s  o f  t h e s e  was n o t
s a t i s f a c t o r y .  (Pound: C » 8 1 .6 9 ,  8 1 .8 2 $ ;  H = 9 .0 7 ,  9 .2 6 $ :
0 H 0 r e q .  C = 7 8 .9 0 ;  H* 1 0 .6 0 $ ) .
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The u se  of b enzene  or t o lu e n e  a s  s o l v e n t s  i n  an  
a t t e m p t  to  p r e v e n t  d e h y d ra t io n  o f  t h e  c a r b i n o l  lo w e re d  t h e  
y i e l d  c o n s i d e r a b l y ,  much k e to n e  b e in g  r e c o v e r e d .
The c a r b i n o l  ( 0 .3 7  g . )  was t r e a t e d  w i t h  3 : 5 - d i n i t r o -  
b e n z o y l  c h l o r i d e  ( 1 .5  g . )  i n  b en zen e  w i th  t h e  a d d i t i o n  o f  a  
few d ro p s  o f  p y r i d i n e .  A f t e r  b o i l i n g  f o r  a  few  m in u te s  and 
c o o l i n g ,  e t h e r  was added , th e  p r e c i p i t a t e  f i l t e r e d ,  washed 
w i t h  d i l u t e  a c i d ,  a l k a l i  and w a t e r .  T h is  m a t e r i a l  (m .p .  c a  
196°)  d id  n o t  c r y s t a l l i s e  w e l l  and was t h e r e f o r e  t r e a t e d  w i th  
<*-naph thy lam ine  i n  e t h e r .  A r e d  complex was form ed w hich  
c r y s t a l l i s e d  i n  sm a ll  r e d  n e e d l e s  from m e th a n o l ,  m .p .  1 9 7 -1 9 8 ° .  
The a n a l y s i s  o f  t h i s  c o u ld  n o t  be  i n t e r p r e t e d .  (Pound;
C = 5 7 .6 7 $ ;  H = 3 .7 3 $ ;  H * 1 2 .0 5 $ ) .
B o th  P o n n d o r f  p r o d u c t s  were d e h y d ro g e n a te d  w i th  Se a t  
250-330°  (3 -4  h o u r s )  and w i th  p a l la d iu m  c h a r c o a l  a t  c a  250- 
340° (45  m in u te s  un d e r  E g ) . Deep b l u e  d i s t i l l a t e s  w ere  
o b ta in e d  i n  a l l  c a s e s  from  which t h e  a z u le n e  c o u ld  be e x t r a c t e d
w ith  p h o s p h o r ic  a c id  and c o n v e r te d  to  th e  t r i n i t r o b e n z e n e  
com plex , b u t  t h e  y i e l d s  were s m a l l  and much t a r  was fo rm ed .
D e h y d ro g e n a tio n  o f  d e c a h y d ro a z u le n e  i n  t h e  v a p o u r  
p h a se  a p p a r a t u s  (d ia g ra m  A) u s in g  10$ p a l la d iu m  c h a r c o a l  a t  c a  
430° gave sm a ll  amounts o f  a z u le n e  t o g e t h e r  w i th  some n a p h ­
t h a l e n e  ( i d e n t i f i e d  as  t h e  p i c r a t e ,  m .p .  and m ixed m . p . ) .  
G r ig n a r d  r e a c t i o n  on k e t o - o c t a h y d r o a z u l e n e .
P h en y l  magnesium b rom id e  (50$  e x c e s s )  was p r e p a r e d  
from  3 .9 3  g .  brom obenzene and 0 .6 1  g .  magnesium w i th  t h e  a id  
o f  a  l i t t l e  m e th y l  m agnesium  i o d i d e .  To t h i s  was added, 
d ro p w ise ,  2 .5  g .  k e to - o c ta h y d r o a z u le n e  in  d ry  e t h e r .  A 
y e l lo w  gummy s o l i d  p r e c i p i t a t e d  and a f t e r  s t a n d i n g  o v e rn ig h t  
t h e  m ix tu r e  was r e f l u x e d  30 m in u te s  and  t h e  com plex decomposed 
w i th  i c e  and d i l .  HgSO^. The p r o d u c t ,  o b t a in e d  b y  e t h e r  
e x t r a c t i o n ,  c o n s i s t e d  o f  3 .2 9  g .  t h i c k  g r e e n i s h  brown o i l ,  
w hich  d id  n o t  d i s t i l  a t  w a te r  b a t h  t e m p e r a tu r e  u n d e r  18 mm. 
p r e s s u r e .
T h is  was h e a t e d  u n d e r  r e f l u x  w i th  3 .3  g .  s e le n iu m  
a t  360° f o r  16 h o u r s .  Some low  b o i l i n g  m a t e r i a l  ( oa .  200°) 
a p p e a re d  t o  be p r e s e n t  and a l s o  some m o is tu r e  (from  d e h y d ra ­
t i o n  o f  th e  c a r b i n o l  ?) b u t  t h e  m ain  body  o f  t h e  l i q u i d  
s t a r t e d  to  b o i l  a t  £ a  310° and H^Se was e v o lv e d  soon a f t e r .
On d i s t i l l i n g  t h e  p r o d u c t ,  some y e l lo w  o i l  d i s t i l l e d  a t  c a  
1 4 0 ° / l 8  mm., t h e n  a  d rop  o f  b lu e  l i q u i d  a p p e a re d  a t  £ a  220°
( a i r  b a th  t e m p e ra tu re )  fo l lo w e d  b y  some t h i c k  g r e e n  l i q u i d .  
E x t r a c t i o n  o f  t h e  c o lo u r i n g  m a t t e r s  w i th  c o n e . H^PO^ gave 
72 mg. g re e n  o i l  from  w hich , how ever, no t r i n i t r o b e n z e n e  
compound c o u ld  be o b t a i n e d .
A ttem p ted  c y c l i s a t i o n  o f  XXIII w i th  h y d ro g en  f l u o r i d e .
5 g .  c ru d e  p r o d u c t  from  t h e  S tobbe  c o n d e n s a t io n  on 
su b e ro n e  was p la c e d  i n  a p la t in u m  c r u c i b l e  w hich  was t h e n  
f i l l e d  w i th  10 m l. an h y d ro u s  h y d ro g en  f l u o r i d e  and l e f t  f o r  
5 h o u rs*  The h y d ro g en  f l u o r i d e  was th e n  a l lo w e d  to  e v a p o r ­
a t e ,  t h e  r e s i d u e  t a k e n  up i n  e t h e r  and washed w i th  w a te r  and 
w i th  HagOOg s o l u t i o n .  The a l k a l i n e  e x t r a c t  y ie ld ed J .1 9  g .  
o f  an a c id  s i n t .  160° m. 1 66 -1 6 7 °  which p ro v ed  t o  be a  m ix tu r e  
o f  XXIX and XXX, w h i le  e v a p o r a t i o n  o f  th e  e t h e r  l a y e r  gave  
2 .6 2  g .  r e d d i s h  brown o i l  b .  1 5 8 -1 6 6 ° /0 .8  mm. The l a t t e r  
was r e a d i l y  h y d r o ly s e d  by  a c i d  o r  a l k a l i ,  o r  by  s t a n d in g  
f o r  some t im e  t o  t h e  a c id  d e s c r i b e d  abo ve . T h is  a c id  was 
i d e n t i c a l  w i th  XXIX -  m ixed m .p .  1 7 1 ° .
H y d ro g e n a t io n  o f  X X II I .
10 g .  c ru d e  S tobbe  c o n d e n s a t io n  p r o d u c t  was h y d ro ­
g e n a te d  o v e r  Pd/SrOOg. Hydrogen was r a p i d l y  a b so rb e d  to  
g iv e  a  c o l o u r l e s s  o i l  w h ich  was used  w i th o u t  f u r t h e r  p u r i f i ­
c a t i o n .
2 g .  o f  t h i s  m a t e r i a l  was t r e a t e d  w i th  h y d ro g en
f l u o r i d e  a s  above , and a n o th e r  po rtionw jthH A /A c o /ZnC l . .
2 2
The p r o d u c t s  have  n o t  been  f u l l y  c h a r a c t e r i s e d ,  b u t  no k e to n ic  
m a t e r i a l  h a s  been  i s o l a t e d .
A ttem p ted  c y o l i s a t i o n  o f  th e  m ix tu r e  o f  XXIX and x x t .
1). With SnClA*
1 g .  o f  th e  c ru d e  m ix tu r e  o f  a c i d s  was r e f l u x e d  30 
m in u te s  i n  5 m l.  a c e t y l  c h l o r i d e .  A f t e r  rem oval o f  t h e  
e x c e s s  a c e t y l  c h l o r i d e  i n  v a c .  a  t h i c k  brown o i l  rem a in e d  
which p a r t l y  s o l i d i f i e d .  T h is  was t r e a t e d  w i th  1 .2 5  g .  
s t a n n i c  c h l o r i d e  i n  c a rb o n  d i s u l p h id e  b y  t h e  m ethod o f  Oook 
and L a w r e n c e ^ . A f t e r  decom posing  t h e  com plex w i th  i c e  
and e x t r a c t i n g  w i th  c a rb o n  d i s u l p h i d e ,  e v a p o r a t io n  o f  th e  
e x t r a c t  gave 0 .3 3  g .  o f  an o i l  w hich  c r y s t a l l i s e d  a f t e r  
s e v e r a l  m o n th s ,  g i v i n g  lo n g  n e e d l e s  m. 7 1 ^ 2 ° ,  w hich  had  no 
k e t o n i c  p r o p e r t i e s .  (Found: C, 6 4 .5 0 ,  H, 7 .9 6 $ ) .
2J • W ith  HA/ACqO/ZnO lp .
1 .1 7  g .  a c id  was r e f l u x e d  4^  h o u r s  u n d e r  n i t r o g e n  
w i t h  19 m l.  ACgO, 6 m l.  g l a c i a l .  HA and  6 m l .  HA/ZnClg 
(20  m g ./  ml) . 0 .9 7  g .  a c id  was r e c o v e r e d  un ch anged .
T h is  was r e p e a t e d  u s in g  th e  p u re  l a c t o n e  XXX w i th  
s i m i l a r  r e s u l t .
(76)
H ydroxym ethy lene  su b e ro n e  (W a lla ch ,  S t e i n d o r f f  ) .
( i ) .  HaOMe m ethod .
2 .1  g .  35a was d i s s o l v e d  i n  30 m l. m e th a n o l  and th e  
s o l u t i o n  e v a p o r a te d  u n d e r  re d u c e d  p r e s s u r e .  The 35aOMe was 
pow dered and 6 .6 5  g .  e t h y l  fo rm a te  i n  45 m l .  sodium  d r i e d
b en zene  added , fo l lo w e d  by  5 g .  su b e ro n e  i n  50 m l.  d ry  b e n z e n e ,  
w i th  c o o l i n g  and s w i r l i n g .  The f l a s k  was th e n  e v a c u a te d ,  
f i l l e d  w i th  Hg and l e f t  o v e r n i g h t .  A f t e r  h y d r o l y s i s  w i th  
c o ld  w a t e r ,  t h e  o r g a n ic  l a y e r  was s e p a r a t e d  and washed w i th  
d i l u t e  HaOH and th e  com bined aqueous l a y e r s  a c i d i f i e d .  The 
p r e c i p i t a t e d  o i l  was e x t r a c t e d  w i th  e t h e r ,  d r i e d  and d i s -  
t i l l e d .  Y ie ld ,  4 .8 5  g .  b . 9 0 - 9 4 ° / l 8  mm. (7 8 f t) .
( i i )  . A tom ised  Ha m ethod .
2 g .  Ha was a to m ised  i n  b o i l i n g  t o l u e n e ,  t h e  t o lu e n e  
d e o a n te d  and th e  Ha c o v e re d  w i th  d ry  e t h e r .  6 .5  g .  e t h y l  
fo rm a te  i n  e t h e r  was t h e n  added , followed w i th  c o o l i n g  i n  i c e ,  
by  4 .7 1  g .  su b e ro n e  i n  e t h e r .  B e a c t io n  s e t  i n  a t  once , a s  
e v id e n c e d  b y  e f f e r v e s c e n c e  and t h e  fo r m a t io n  o f  a  sa lm on 
p in k  p r e c i p i t a t e .  A f t e r  s t a n d in g  2 h o u r s  i n  i c e  w a t e r ,  th e  
m ix tu r e  was a llo w e d  to  s t a n d  o v e r n ig h t  a t  room te m p e r a tu r e  
and was th e n  h y d r o ly s e d  w i th  m o is t  e t h e r  and worked up as 
b e f o r e .  Y ie ld ,  5 .0 1  g .  (89£) o o l o a r l e s s  o i l .  b .  1 0 4 -1 1 0 ° /
23 mm. ( l i t .  b .  1 0 0 ° / l 0  mm.)
( 77)c*v-cyano s u b e r o n e .  ( Z i e g l e r  e t  a l .  ) .
4 .3 2  g .  h y d ro x y m eth y len e  s u b e ro n e  was s t i r r e d  w i th  
4 .3  g .  pow dered h y d ro x y lam in e  h y d r o c h lo r id e  (IOQJg e x c e s s )  
i n  50 m l .  g l a c i a l  a c e t i c  a c id  a t  7 0 -8 0°  f o r  8 h o u r s .  On 
c o o l i n g  t h i s  was f i l t e r e d  from  e x c e s s  HHg.QH.H01 and t h e
51.
s o l v e n t  removed i n  v a c .  The o ran g e  r e s i d u e  was w ashed  w i th  
w a te r  and e x t r a c t e d  w i th  e t h e r ,  t h e  e x t r a c t  b e in g  washed w i th  
UaHCOg s o l u t i o n  t o  remove unchanged  s t a r t i n g  m a t e r i a l *  The 
m ix tu r e  o f  i s o m e r ic  i s o x a z o l e s  o b t a in e d  by  e v a p o r a t i o n  o f  
t h i s  e x t r a c t  was d i s s o l v e d  i n  50 m l. d ry  e t h e r  and 10 m l. o f  '
a  c o n c e n t r a t e d  s o l u t i o n  o f  sodium  i n  m e th a n o l  added . A
w h i te  p r e c i p i t a t e  fo rm ed and a f t e r  1 h o u r  t h i s  was h y d ro ly s e d  
w i th  c o ld  w a te r ,  t h e  e t h e r  s e p a r a t e d  and th e  aqueous l a y e r
s a t u r a t e d  w i th  s a l t  and a c i d i f i e d .  The p r e c i p i t a t e d  o i l
was e x t r a c t e d  w i th  e t h e r ,  d r i e d  and d i s t i l l e d .  Y ie ld ,
1 .6 5  g .  (39 i l )  p a le  y e l lo w  o i l ,  5 .  1 4 0 - 1 4 2 ° / l7  mm. ( l i t .  140- 
1 4 l ° / l 2  m m .)• T h is  g r a d u a l l y  d e p o s i t e d  a  s o l i d  po lym er on 
s t a n d i n g .
was r e c o v e r s a  xroai x a y e r  uy *• reai/menu
w i t h  a  s a t u r a t e d  a l c o h o l i c  s o l u t i o n  o f  m e r c u r ic  c h l o r i d e ,
when t h e  w h i te  c r y s t a l l i n e  d o u b le  s a l t  p r e c i p i t a t e d  (m. c a
c i p i t a t i n g  th e  Hg w i th  HaOH and rem oving th e  i s o x a z o l e  by  
s team  d i s t i l l a t i o n .  The compound was t h u s  o b t a in e d  as a
The s t a b l e  s a b e r p n y l  i s o x a z o l e
98 -1 0 0 °)  . I t  was decomposed b y  d i s s o l v i n g  i n  HC1, p r e -
o o lo u r& e ss  l i q u i d  b .  5 0 - 5 2 ° /0 .2  mm. (bounds 0 - 6 9 .5 $ ;  
H = 7 .6 $ ;  3J = 1 0 .0 $ :  CqH-^OU r e q u i r e s  C = 7 0 .1 $ ;
H = 8 *0$; H = 1 0 .2 $ ) .
C o n d e n sa t io n  o f  g^-cyano  su b e ro n e  and e th y l  s u c c i n a t e .
1*71 g .  flC-cyano su be rone  was m ixed w i th  3 .3  g .
(50$ e x c e s s )  e t h y l  s u c c i n a t e  and added to  a  c h i l l e d  s o l u t i o n  
o f  0 .5 5  g .  p o ta s s iu m  i n  10 m l.  t_ -bu ty l a l c o h o l .  A w h i te  
p r e c i p i t a t e  form ed and th e  m a t e r i a l  was r e f l u x e d  u n d e r  Hg f o r  
1 h o u r .  A f t e r  w ork in g  up i n  t h e  u s u a l  way some gummy 
m a t e r i a l  was o b t a i n e d  from  w hich  some s t a r t i n g  m a t e r i a l  was 
r e c o v e r e d  by  a l k a l i  e x t r a c t i o n .  Ho k e to n i c  p r o d u c t s  were 
i s o l a t e d .
C o n d e n s a t io n  o f  h y d ro x y m e th y le n e -s u b e ro n e  and e t h y l  s u o c i n a t e .
0 .5  g .  h y d ro x y m e th y le n e -s u b e ro n e  was t r e a t e d  as above 
w i t h  1 g .  e t h y l  s u c c i n a t e  and 0*3 g .  p o ta s s iu m  i n  10 m l .  
t - b u t y l  a l c o h o l .  A deep r e d  c o lo u r  d e v e lo p e d ,  b u t  t h e  p r o ­
d u c t s  a p p a r e n t l y  c o n s i s t e d  m a in ly  o f  s t a r t i n g  m a t e r i a l s  and 
p o ly m e rs .  The use  o f  m e th o x y m e th y le n e -su b e ro n e  ( b . 116- 
1 2 0 ° / l3  mm., from  h y d ro x y m e th y le n e -s u b e ro n e  w i th  d iazom eth an e  
i n  p re s e n c e  o f  m e th a n o l)  gave s i m i l a r  r e s u l t s .
2 . B e n z a z u le n e  s e r i e s .
S - P h e n y l v a l e r i c  a c i d .
C innam ic a ld e h y d e  (100 g . ) ,  m a lo n ic  a c i d  (80  g . )  and 
q u i n o l i n e  (98 g . )  were m ixed  and w arned to  a  c l e a r  s o l u t i o n  
on t h e  w a te r  b a t h .  A few d ro p s  o f  p i p e r i d i n e  w ere  th e n  
added and t h e  m ix tu re  a l lo w e d  t o  s ta n d  4 d ay s  i n  t h e  c o l d .
I t  was t h e n  warmed 2 h o u r s  on th e  w a te r  h a t h ,  d i s s o l v e d  i n  
UaOH (270 g .  i n  2 1 .  w a te r )  and th e  q u i n o l i n e  e x t r a c t e d  
w i t h  e t h e r .  A f t e r  d i s t i l l i n g  o f f  t h e  d i s s o l v e d  e t h e r ,  
t h e  s o l u t i o n  was r a i s e d  t o  b o i l i n g  p o in t  and Raney U i /A l  
a l l o y  (160  g . )  added w i th  v ig o r o u s  s t i r r i n g  d u r in g  £  h o u r  
( s e o . o c t y l  a l c o h o l  u se d  to  re d u c e  f r o t h i n g ) . The m ix tu r e  
was t h e n  s t i r r e d  a t  90° f o r  -g- h o u r  and f i l t e r e d .  The h o t  
f i l t r a t e  was now s ip h o n e d  s lo w ly  i n t o  h o t  s u l p h u r i c  a c id  
(600 m l.  c o n e . - 1 1 .  w a te r )  w i th  v ig o ro u s  s t i r r i n g .  On 
c o o l i n g ,  t h e  p r e c i p i t a t e d  o i l  was s e p a r a t e d ,  d i s s o l v e d  i n  
e t h e r  and washed f r e e  from  alum in ium  s a l t s .  A f t e r  e v a p o ra ­
t i o n  o f  t h e  e t h e r  i t  was t h e n  h e a t e d  u n d e r  v a c .  [oa.  20 mm.) 
i n  p r e s e n c e  o f  c o p p e r  pow der, f o r  2 h o u r s  a t  1 4 0 -1 8 0 ° .  The 
m e s u l t i n g  p h e n y l v a l e r i c  a c i d  was c r y s t a l l i s e d  from  p e t ro le u m  
( 4 0 - 6 0 ° ) ,  m .p .  5 9 -6 0 ° .  Y i e ld ,  115 g .  (85$ o v e r a l l ) .
I n  o t h e r  p r e p a r a t i o n s  t h e  i n t e r m e d i a t e  o in n a m y lid e n e  
m a lo n ic  a c id  was i s o l a t e d  and h y d ro g e n a te d  i n  c e l l o s o l v e  
s o l u t i o n  o v e r  p a l l a d i s e d  s t r o n t iu m  c a r b o n a t e .  The p r o d u c t  
c o u ld  th e n  be d e c a r b o x y la te d  b y  b o i l i n g  th e  s o l u t i o n  f o r  1 
h o u r .  G inn am ylid en em alo n ic  a c i d  was a l s o  d e c a r b o x y la te d  
d i r e c t l y  by  r e f l u x i n g  i n  p y r i d i n e  o r  q u i n o l i n e ,  b u t  much t a r  
was form ed and th e  p r o d u c t  was c o n ta m in a te d  w i th  an u n i d e n t i ­
f i e d  b y  p r o d u c t ,  m .p .  137-13 9°  ( lo n g  w h i te  n e e d l e s  from  
b en zen e  o r  g l a c i a l  a c e t i c  a c i d ) .
( 71)
2 : 3 - B en zo sub eron e  - ( 1 )  XXVI ( P l a t t n e r  ) .
1 9 .6  g .  p h e n y l  v a l e r i c  a c i d  was t r e a t e d  w i th  20 m l. 
t h i o n y l  c h l o r i d e ,  warmed on th e  w a te r  h a th  t i l l  e v o lu t i o n  
o f  HOI commenced and th e  r e a c t i o n  a llo w ed  t o  p ro c e e d  w i th o u t  
h e a t .  When e v o l u t i o n  o f  HOI c e a s e d  t h e  m ix tu r e  was warmed 
10 m in u te s  on t h e  b o i l i n g  w a te r  b a th  and th e  e x c e s s  t h i o n y l  
c h l o r i d e  rem oved i n  vac . The re m a in in g  p a le  y e l lo w
c h l o r i d e  was d i s s o l v e d  i n  1 1 .  CSg ( d r i e d  o v e r  and r e - d i s ­
t i l l e d  from  alum in ium  t r i c h l o r i d e )  and d r ip p e d  i n t o  500 m l.  
c a rb o n  d i s u l p h id e  and 28 g .  a lum inium  t r i c h l o r i d e  a t  sim m er­
in g  p o i n t ,  w i th  v ig o r o u s  s t i r r i n g .  The a d d i t i o n  to o k  abou t 
40 h o u r s  and  was f o l lo w e d  b y  a  f u r t h e r  2 hou rs*  s t i r r i n g .
Most o f  t h e  c a rb o n  d i s u l p h i d e  was t h e n  d i s t i l l e d  o f f  and t h e  
r e s i d u e  t r e a t e d  w i t h  ab ou t 750 g .  i c e .  T h is  was t h e n  s team
d i s t i l l e d  u n t i l  t h e  d i s t i l l a t e  was c l e a r  ( 2 .5  1 . ) ,  t h e  d i s ­
t i l l a t e  s a t u r a t e d  w i th  s a l t  and e x t r a c t e d  w i th  e t h e r .
Y ie ld ,  1 5 .9  g .  b .  1 4 3 ° / l 6 .5 m m .  ( 9 0 $ ) .  R e d i s t i l l e d
1 5 .3 6  g .  b .  7 8 ° / 0 .2  mm. ( 8 7 . 5 $ ) .  Semic a rb  az one m. 210-213°
( l i t .  i b .  1 3 8 - 1 3 9 ° / l2  mm., s e m ic a rb a zo n e  m. 216° (2 0 6 -2 0 7 ° ) )  
A ttem p ted  o y c l i s a t i o n  o f  p h e n y l - v a l e r i c  a c id  w i t h  h y d ro g en  
f l u o r i d e .
5 g .  c ru d e  p h e n y l v a l e r i c  a c i d  was d i s s o l v e d  i n  15 ml 
h y d ro g e n  f l u o r i d e  and l e f t  10  h o u r s .  The a c id  was r e c o v e r e d  
u n changed .
O y c l i s a t i o n  o f  p h e n y l^ v a l e r y l  o h l o r i d e  w i th  HP.
P h e n y l v a l e r y l  c h l o r i d e  (5  g . )  was m ixed w i th  an­
h y d ro u s  HP { oq. 15 m l . )  and a l lo w e d  to  s t a n d  o v e r n i g h t .
A f t e r  e v a p o r a t io n  o f  th e  HP, t h e  r e s i d u e  was e x t r a c t e d  w i th
HagCO and t h e  a l k a l i  i n s o l u b l e  p o r t i o n  s e p a r a t e d .  T h is  
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l a t t e r  gave a  brown o i l  (0 .5 6 7  g . t 14$) w hich gave a  sem i- 
o a rb a z o n e  i d e n t i c a l  w i th  t h a t  from  b e n z o su b e ro n e  (m .p .  and 
m ixed m . p . ) .  P h e n y l v a l e r i c  a c id  was r e c o v e r e d  on a c i d i f y ­
in g  t h e  Ha^GO^ e x t r a c t .
C o n d e n sa t io n  o f  b e n zo su b e ro n e  and e t h y l  s u c c i n a t e ;  k e to -  
h e x a h y d ro b e n z a z u le n e  . 5cvcy n
A m ix tu r e  o f  b e n z o su b e ro n e  ( 2 3 .1  g . )  and e t h y l  
s u c c i n a t e  (45  g . )  was added to  a  c h i l l e d  s o l u t i o n  o f  p o ta s s iu m  
(8  g . )  i n  t - b u t y l  a l c o h o l  (160 m l . ) .  A f t e r  r e f l u x i n g  u n d e r  
n i t r o g e n  f o r  45 m in u te s  and w ork ing  up a s  d e s c r i b e d  above 
t h i s  gave  th e  o ru d e  h a l f - e s t e r  XXXI ( 3 9 . 2 g .  = 9 5 $ ) ,  w hich  
was o y c l i s e d  w i th o u t  f u r t h e r  p u r i f i c a t i o n  b y  r e f l u x i n g  
h o u r s  u n d e r  n i t r o g e n  w i t h  a o e t io  a n h y d r id e  (400  m l . ) ,  
g l a c i a l  a c e t i c  a c i d  (200 m l . )  and f u s e d  z in c  c h l o r i d e  (4  g . ) .  
T h is  was w orked up a s  f o r  k e to o o ta h y d r o a z u le n e ,  and d i s ­
t i l l a t i o n  o f  t h e  n e u t r a l  r e s i d u e  gave  a w h i t e  c r y s t a l l i n e  
s o l i d ,  m .p .  59-61°  ( 6 .5 7  g . )  w h ich  d i s t i l l e d  a t  1 4 3 -1 4 8 ° /
0 .4  mm. T h is  was r e o r y s t a l l i s e d  from p e tro le u m  (4 0 -6 0 ° )  
and t h e n  a q .  a l c o h o l ;  w h i te  n e e d l e s ,  m .p .  6 1 -6 2 °  (XXXII) .
(Pounds 0, 8 4 .9 1 ,  H, 7 .0 1 $ ;  C ^ H ^ O  r e q u i r e s  C, 8 4 .8 4 ,
H, 7 . 0 7 $ ) .
T h is  k e to n e  gave a  se m io a rb azo n e  w hich  c r y s t a l l i s e d  
from  a lQ oho l i n  s o f t  s p h e r i c a l  c l u s t e r s  o f  n e e d l e s  s i n t .  
2 2 7 -2 3 0 ° ,  deootnp. 2 3 6 ° .  (J?ound, C, 6 9 .7 3 ,  H, 6 .4 7 ,  H, 1 6 .6 3 ^
°X5H170H3 r e 4 a l r e s  °* 7 0 .6 0 ,  H, 6 .6 7 ,  H, 1 6 .4 7 $ ) .
S u b l im a t io n  o f  t h e  r e s i d u e s  l e f t  a f t e r  d i s t i l l i n g  
t h e  k e to n e  g av e  a  few mg. y e l lo w  p r i s m s  s u b l .  1 5 5 - 1 6 0 ° /0 .4  mm. 
R e c j r y s t a l l i s a t i o n  from  e th a n o l  gave c o l o u r l e s s  p r i s m s ,  m .p .  
1 9 9 -2 0 1 ° .  (Pound, C, 7 5 .4 2 ,  H, 5 . 6 5 $ ) .  T h is  compound gave 
a  2 : 4 - d in i t r o p h e n y l h y d r a z o n e ,  b u t  o n ly  on lo n g  s t a n d i n g ,  and 
i t  was n o t  i n v e s t i g a t e d  f u r t h e r .
The a l k a l i  s o l u b l e  p r o d u c t s  w ere e x t r a c t e d  w i th  
HaHCOg t o  remove a c i d s ,  and t h e  r e s i d u e ,  w h ich  had a  p h e n o l ic  
s m e l l ,  was s o l u b l e  i n  HaOH. An e t h e r e a l  s o l u t i o n  how ever 
gave no c o l o u r a t i o n  w i t h  a q .  P e O l^ .
I n  a n o th e r  c y c l i s a t i o n ,  a f t e r  t h e  a l k a l i  t r e a tm e n t  
t h e  n e u t r a l  p ro d u c t  was e x t r a c t e d  w i t h  OHClg. The f i r s t  
e x t r a c t  was d a rk  brown and c o n ta in e d  m ost o f  t h e  p r o d u c t ,  
b u t  s u b s e q u e n t  e x t r a c t s  had  a  deep b l u e - v i o l e t  c o l o u r .
T r i a l  chrom atogram s o f  t h i s  s o l u t i o n  w ere  made, b u t  on 
s i l i o a  no a b s o r p t i o n  to o k  p l a c e ,  w h i le  on a lu m in a  a  v i o l e t  
band  was fo rm ed  w hich  c o u ld  n o t  be e l u t e d .  O th e r  a t t e m p t s  
a t  i s o l a t i n g  t h e  c o l o u r i n g  m a t t e r  w ere u n s u c c e s s f u l ,  and on
s t a n d in g  f o r  2 -3  d ays  ( i n  th e  d a rk )  th e  c o l o u r  v a n i s h e d .
T h is  e x p e r i e n c e  was n o t  r e p e a t e d  i n  o t h e r  p r e p a r a t i o n s .  
A ttem p ted  d e h y d ro g e n a t io n  o f  t h e  k e to n e  XXXTI.
The t r i o y c l i c  k e to n e  ( 0 .3  g . )  was h e a t e d  i n  a  s e a l e d  
tu b e  w i th  s e le n iu m  (0 .3 6  g . )  f o r  26 h o u r s  a t  3 0 0 -3 5 0 ° .  
E x t r a c t i o n  o f  t h e  p ro d u c t  gave o n ly  a  y e l lo w  o i l  w i th  a  
g r e e n  f l u o r e s c e n c e  (25 m g .) .
R e d u c t io n  o f  t h e  k e to n e  XXXII.
( i ) .  Aluminium l s o p r o p o x i d e .
The t r i c y c l i c  k e to n e  (1  g . )  and d i s t i l l e d  a lum in ium  
i s o p ro o o x id e  (3  g . )  were d i s s o l v e d  i n  d ry  t o lu e n e  (o a  20 m l . )  
and r e f l u x e d  f o r  Z \  h o u r s .  A f t e r  w ash ing  f r e e  from  
alum in ium  s a l t s  t h e  p r o d u c t  was d i s t i l l e d  and t h r e e  f r a c t i o n s  
o o l l e o t e d i -
( a )  p a le  y e l lo w  o i l  b .  9 5 ° / 0 .1  mm. ( fo u n d :  C, 9 1 .3 0 ,
H, 7 .6 9 $ ) .
(b )  b r i g h t  o ran g e  o i l  b .  1 2 0 ° /0 .1  mm. ( fo u n d :  C, 8 8 .0 2 ,
H, 7 . 4 7 $ ) .
(o )  c r y s t a l s  s u b l .  1 4 0 - 1 5 0 ° /0 .1  mm., r e o r y s t a l l i s e d  from  
o v c lo h e x a n e .  m .p .  1 2 3 -1 2 4 ° .  ( fo u n d :  0 ,  8 5 .1 7 ,  H, 7 .3 5 $ ) .
The f i r s t  two a p p e a r  to  be  m ix tu r e s  o f  t h e  hydro  - 
o a rb o n  XXXVIII (C14H14r e q u i r e s  0 ,  9 2 .3 5 ,  H, 7 .6 9 $ )  and th e  
c a r b i n o l  XXXIX (C14H160 r e q u i r e s  C, 8 4 .0 0 ,  H, 8 .0 0 $ ) .
( i  i ) .  P t 02 h y d r  ogenati o n .
The t r i c y c l i c  k e to n e  (2 g . )  was d i s s o l v e d  i n  g l a c i a l  
a c e t i c  a c id  (15 m l . )  and  h y d ro g e n a te d  o v e r  Adams' EfOg 
c a t a l y s t  (20  m g . ) .  A b s o r p t io n  to o k  p la c e  a t  100 m l . / h r .  
u n t i l  1 d o u b le  b a n d  h a d  b e e n  s a t u r a t e d ;  i t  t h e n  slow ed to  
40 m l . / h r .  u n t i l  2 d o u b le  bo nds had  b e en  s a t u r a t e d  and th e n  
a b s o r p t i o n  was v e ry  slow  u n t i l  a f t e r  16 h o u r s , 3 m o le c u le s  
Hg had  been  a b so rb e d  and a b s o r p t i o n  s to p p e d .
The p r o d u c t  on d i s t i l l a t i o n  gave  two f r a o t i o n s : -
( a) m o b i le ,  c o l o u r l e s s  b .  1 0 5 - 1 1 0 ° /0 .6  mm. ( 1 .1 4  g . )  
( fo u n d :  C, 8 6 .7 0 ,  H, 9 .0 8 $ )
(b) v i s c o u s ,  c o l o u r l e s s  b .  1 1 5 -1 2 0 ° /0 .6  mm. ( 0 .7 2  g . )  
( fo u n d :  C, 8 2 .4 2 ,  H, 8 .4 4 $ ) .
These a r e  p r o b a b ly  m ix tu r e s  o f  th e  s a tu r a te d  hydro­
carbon and o a rb in o l  c o r r e s p o n d in g  to  XXXVIII and XXXIX 
r e s p e c t iv e ly .
(°14H18 r e ^a i r e s  G» 90.33 , H, 9.68$* C ^ H ^ O  re q u i r e s
C, 8 3 .1 6 ,  H, 9 .7 8 $ )  .
( i i i ) .  Raney n i c k e l  h y d r o g e n a t io n .
The t r i c y c l i c  k e to n e  (1  g . )  was h y d ro g e n a te d  i n
(79)
a lc o h o l  s o l u t i o n  o v e r  Raney n i c k e l  ( P a v l i c  and A dk ins  ) .  
A b s o r p t io n  s to p p e d  a f t e r  5 h o u r s ,  when 2 m o ls .  h y d ro g e n  had  
b e e n  a b s o r b e d .  The p r o d u c t  was d i s t i l l e d  and gave an 
a p p a r e n t l y  hom ogeneous, v e ry  v i s c o u s  l i q u i d  b .  1 0 5 ° / 0 .2  mm.
(Sound! C, 8 0 .7 0 ,  H, 7 .9 3 f ) .
D e h y d ro g e n a t io n  o f  t h e  r e d u c t i o n  p r o d u c t s .
The low  b o i l i n g  f r a c t i o n  ( a) o f  th e  ^ tO ^ r e d u c t i o n  
p r o d u c t  ( 0 .8 4  g . )  was h e a t e d  u n d e r  r e f l u x  w i th  s e le n iu m  
(1  g . )  a t  330-360° f o r  3 d a y s .  The m a t e r i a l  became v e ry  
d a rk  brown and t a r r y  and was e x t r a c t e d  w i th  CHG1_, th e  ex- 
t r a c t  b e in g  c h ro m a to g ra p h ed  on a s h o r t  a lum ina  colum n to  
remove Q o l l o i d a l  s e le n iu m .  A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t  
th e  r e s i d u e  was e x t r a c t e d  i n  a S o x h le t  w i th  p e t ro le u m  b u t  
th e  e x t r a c t  was o n ly  l i g h t  o ran g e  i n  c o lo u r  ( g r e e n  f l u o r e s c e n c e
D e h y d ro g e n a t io n  o f  t h e  same m a t e r i a l  w i th  p a l la d iu m  
b l a c k  a t  32 0 -330 °  f o r  4^- h o u r s  and d i s t i l l a t i o n  o f  t h e  p r o d u c t  
gave o n ly  a  c o l o u r l e s s  d i s t i l l a t e .
D e h y d ro g e n a t io n  o f  t h e  m ix tu r e  o f  r e d u c t i o n
p r o d u c t s  w i t h  s u lp h u r  (75$  o f  t h e o r e t i c a l )  a t  220-300°  l e d  
to  th e  e v o l u t i o n  o f  HgS . On d i s t i l l a t i o n  some s t a r t i n g  
m a t e r i a l  was r e c o v e r e d ,  b u t  e x t r a c t i o n  o f  t h e  r e s i d u e  w i th  
CHGlg, e v a p o r a t i o n  o f  t h e  s o l v e n t ,  e x t r a c t i o n  o f  t h e  r e s i d u e  
w i th  p e t ro le u m  and ch ro m a to g rap h y  o f  t h i s  s o l u t i o n  on 
a lu m in a  gave a  p in k  band  on th e  co lum n. T h is  was e l u t e d  
w i th  b e n z e n e -p e t ro le u m  t o  g iv e  a  d a rk  r e d  s o l u t i o n  vfcich 
d id  n o t  have  an  a z u le n e  s p e o t r u a ,  b u t  h a d  a  s t r o n g  a b s o r p t i o n  
b an d  a t  5428 1 .  Ho t r i n i t r o b e n z e n e  com plex  o f  t h i s  m a t e r i a l
c o u ld  be  o b t a i n e d .
The Raney n i c k e l  r e d u c t i o n  p r o d u c t  was r e f l u x e d  
w i th  s e le n iu m  a t  p a  4 0 0 ° f o r  5 h o u r s .  E v o lu t io n  o f  H^Se 
was f a i r l y  v ig o r o u s  a t  f i r s t ,  b u t  t h e  p ro d u c t  was v i s c o u s  
and t a r r y  and gave  no a z u le n e .
T h is  r e d u c t i o n  p r o d u c t  was a l s o  v a p o u r i s e d  o v e r  
10$ p a l l a d iu m  c h a r c o a l  i n  t h e  v ap o u r  p h a se  a p p a r a tu s  A a t  
430° b u t  t h e  d i s t i l l a t e s  w ere  c o l o u r l e s s .
A d d i t io n  o f  d i a z o a c e t i c  e s t e r  to  2 - m e th y l in d a n e .
To 2 -m e th y l in d a n e  (68  g . )  i n  a  O l a i s e n  f l a s k  was 
added d i a z o a o e t i o  e s t e r  (10  g . )  d a r i n g  1 h o u r ,  t h e  te m p e ra ­
t u r e  b e in g  m a in ta in e d  a t  1 3 0 -1 4 0 ° .  A v e r y  slow  e v o l u t i o n  
o f  g a s  to o k  p l a c e .  The t e m p e r a tu r e  was r a i s e d  to  165° 
d u r in g  15 m in u te s ,  t h e  e v o l u t i o n  o f  g a s  becom ing  more 
v i o l e n t ,  and was m a in ta in e d  t h e r e  f o r  2 h o u r s .  The u n ­
changed  in d a n e  was d i s t i l l e d  and r e - t r e a t e d  w i t h  more d ia z o -  
a c e t i c  e s t e r ,  a  t o t a l  o f  14 a d d i t i o n s  b e in g  made u s in g  83 g .  
d i a z o a o e t i c  e s t e r .  1 6 .2  g .  in d a n e  was r e o o v e re d  b .  *£1.125°/
15 mm.
The a d d i t i o n  p r o d u c t  was now d i s t i l l e d  and gave
(1) 8 .5  g .  b .^ C .1 4 0 ° /4  mm., (2 ) 3 4 .7  g .  b. 1 4 0 -1 5 5 ° /3  mm. 
(3 )  5 .3  g .  b .  1 6 5 -1 7 5 ° /4  mm., (4 )  5 7 .4  g .  r e s i d u e .
H y d r o ly s i s  o f  t h e  a d d i t i o n  p r o d u c t .
The a d d i t i o n  p ro d u c t  (m id d le  f r a c t i o n ,  22 g . )  was 
r e f l u x e d  14 H ours w i th  a l c o h o l i c  p o ta s h  (175 m l.  96$ EtOH,
19 m l.  H20 and 1 1 .5  g .  KOH) . The a l c o h o l  was d i s t i l l e d  
and t h e  r e s i d u e  d i l u t e d  w i th  w a t e r  and e x t r a c t e d  w ith  e t h e r .  
This gave o n ly  o a  30 mg. r e s i d u e  on e v a p o r a t i o n ;  a c i d i f i c a ­
t i o n  o f  th e  a l k a l i n e  l a y e r  fo l lo w e d  by  e x t r a c t i o n  gave th e  
c ru d e  a c i d  (1 8 .1 2  g . ,  v i s c o u s  brown l i q u i d ,  9 5 $ ) .
D e h y d ro g e n a tio n  o f  h y d r o ly s e d  a d d i t i o n  p r o d u c t :  2 - m e th y l - 
a z u l e n e .
The a c i d  1.19 g . )  was d e h y d ro g e n a te d  o v e r  10$ 
p a l la d iu m  c h a r o o a l  s u p p o r t e d  on a s b e s t o s ,  a t  280-300° i n  th e  
v a p o u r  p h a se  a p p a r a tu s  (d iag ra m  C ) .  The p ro d u c t  was d i s ­
s o lv e d  i n  p e t ro le u m  and e x t r a c t e d  w i t h  85$ HgPO^, w hich  was 
th e n  w ashed  w i th  p e t r o le u m ,  d i l u t e d  w i th  w a te r  and e x t r a c t e d  
w i t h  e t h e r .  The e t h e r  was th e n  washed w i t h  Ha^CO^ s o l u t i o n  
to  remove a c i d s .  T h is  gave  0 .9 1  g .  m a t e r i a l ,  w b i le  1 .4 7  g .  
n e u t r a l  m a t e r i a l  rem a in ed  i n  t h e  e t h e r .  9 .4 2  g .  rem ained  
i n s o l u b l e  i n  HgPO^.
The n e u t r a l  f r a o t i o n  was d i s s o l v e d  i n  p e t r o le u m  and 
c h ro m a to g ra p h e d  on 25 g .  a lu m in a  ( a c t i v i t y  I I  -  I ) ,  w ash in g  
w i th  p e t ro le u m  b e in g  c o n t in u e d  u n t i l  t h e  v i o l e t  c a l c a r -  
ohanged to  b l u e .  E v a p o r a t io n  g av e  2 -m e th y l  a z u le n e  ( 1 .0 6  g . )  
w h ich  c r y s t a l l i s e d  on c o o l i n g .
R e o r y s t a l l i s e d  from  a q .  a l c o h o l ,  b l u e - v i o l e t  l e a f ­
l e t s  m.p* 4 6 .5 °  ( o o r r . ) .  (Pound: C, 92*12, H, 7 .3 9 $ ;
a a l e . t o r  Ci :lH1 0 : C, 9 2 .9 1 ,  H, 7 .0 9  $) .
Spec trum : 673 f f ,  649 s ,  610*5 f f ,  590 m, 562 f f ,  523 s s
( p e t r o l e u m ) .
The t r i n i t r o b e n z e n e  com plex  c r y s t a l l i s e d  f ro m  a l ­
c o h o l  i n  brow n n e e d l e s ,  m .p .  141-142° ( o o r r . ) .
(Pound: 0, 5 7 .4 3 ,  H, 3 .6 3 $ ;  c a l c ,  f o r  : G, 57 .46
H, 3 .6 9 $ ) .
D e h y d ro g e n a t io n  o f  u n h y d ro ly se d  a d d i t i o n  p r o d u c t :  2 -m e th y l  -
a z u l e n e - 6 - c a r b o x y l i c  e s t e r ,  X L II .
The a d d i t i o n  p r o d u c t  (m id d le  f r a c t i o n :  4 2 .8  g . )  was 
d e h y d ro g e n a te d  i n  t h e  v a p o u r  p h a se  a p p a r a tu s  o v e r  p a l la d iu m
c h a r c o a l  (10$) on a s b e s t o s  a t  300-310° d u r in g  c a  3 h o u r s .  A
deep  b l u e  c o n d e n s a te  ( 3 9 .1  g . )  was o b ta in e d  and e x t r a o t e d  
w i t h  HgPO^, g i v in g  a  g r e e n i s h  brow n n e u t r a l  f r a c t i o n  ( 8 .1  g . )  
some a c i d i c  m a t e r i a l  e x t r a o t a b l e  w i th  Ha^CO^ (100 mg.) and 
30 g .  HgPO^ i n s o l u b l e  m a t e r i a l .
The n e u t r a l  m a t e r i a l  was e x t r a c t e d  w i t h  p e tro le u m  
and c h ro m a to g rap h ed  on a lu m in a  (80  g . ) .  A b lu e  o i l  was 
o b t a i n e d  ( 3 .2  g . )  w hich  was r e -o h ro m a to g ra p h e d  and t h e n  
d i s t i l l e d ,  b . p .  1 3 0 ° / 0 .1  mm. (2 .2 4  g . )  . ( i 'o an d i 0 , 7 7 .9 9 ,
H, 6 .6 9 $ j  C14H1 4 02 r9(la i r 9 a :  78<48> 6 .5 9 $ ) .
Speotrum s 752 f ,  716 m, 670 m, 653 f ,  628 m, 614 m, 594 f f ,
572 m, 560 s ,  549 f  ( p e t r o l e u m ) .
The t r i n i t r o b  enzene d e r i v a t i v e  form ed brow n n e e d l e s  
m.p# 6 5 - 6 5 .5 ° ,  w bich w ere more s o l u b l e  i n  a l c o h o l  th a n  
t r i n i t r o b e n z e n e  i t s e l f .  (Pound* G, 5 6 .2 7 ,  H, 3 .9 6 ,  H, 9 .8 8
C J L „ 0 oI _  r e q u i r e s !  C, 5 6 .2 1 ,  H, 4 .0 1 ,  H, 9 . 8 3 $ ) .
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A d e a n  s e p a r a t i o n  o f  e s t e r  f rom  t r i n i t r o b  enzene  
o o u ld  n o t  b e  o b ta in e d  by  c h ro m a to g ra p h y  on n e u t r a l  o r  a l ­
k a l i n e  a lu m in a ,  u s in g  p e tro le u m , b enzene  o r  cy o lo  h exane  as  
s o l v e n t s  s in o e  th e  two com ponents w ere  a d so rb e d  w i th  
a p p ro x im a te ly  th e  same s t r e n g t h .
I n  o t h e r  p r e p a r a t i o n s  o f  th e  e s t e r ,  t r a c e s  o f  th e  
v i o l e t  2 -m e th y la z u le n e  were o b t a i n e d ,  and a l s o  a  b lu e  
m a te r i a l .S p e o t r u m *  722 f f ,  686 m, 649 f f ,  616 m, 587 f f ,
561 s ,  538 s ,  524 s s ,  506 s s  ( 2 -m e th y l  - 
a z u l e n e - 5 - c a r b o x y l i c  e s t e r ? ) .
H y d r o ly s i s  o f  2 - m e th y la z u le n e - 6 - o a r b o x y l i c  e s t e r  - 2 -m e th y l  - 
a z a l e n e - 6 - o a r b o x y l i o  a c i d  XLV.
The e s t e r  (530  m g.) was r e f l u x e d  3 h o u r s  w i th  a l -  
cob&io p o ta s h  (1$* 30 m l . ) .  W ater  was added , t h e  a l c o h o l  
d i s t i l l e d ,  and t h e  s o l u t i o n  e x t r a c t e d  w i th  e t h e r ,  w hich  
rem oved o n ly  a  t r a c e  o f  g r e e n  m a t e r i a l .  The aqueous l a y e r  
on  a c i d i f i c a t i o n  gave a  d a r k  g re e n  s o l i d  (380  m g.) w hich  
o r y s t a l l i s e d  from a  l a r g e  volume o f  c y o lo hexane  i n  d a r k  
b l u e - g r e e n  c r y s t a l s  m .p .  1 6 4 -1 6 5 ° .  (Pound* G, 7 6 .8 2 ,
H, 5 .0 9 $ ( c12H1002 r e q u i r e s !  C, 7 7 .4 0 ,  H, 5 .4 1 $ ) .
Spectrum* 654 f f ,  631 s ,  594 f f ,  574 s ,  550 m. ( a l o o h o l ) .
A ttem p ted  p r e p a r a t i o n  o f  a c i d  c h l o r i d e  and amide from  2- 
m e th y la z u le n e -6 -o a rb o :x y l io  a c i d .
The a c i d  (150  mg.) was d i s s o l v e d  i n  d ry  e t h e r  (10  m l . )  
and t h i o n y l  c h l o r i d e  ( 0 .1 5  m l . )  i n  d ry  e t h e r  (5  m l . )  added 
w i t h  s h a k i n g .  A f t e r  s t a n d in g  \  h o u r  i n  t h e  c o ld ,  t h e  s o l u t i o n  
w hich was now deep r e d ,  was p o u red  i n t o  an e t h e r e a l  s o l u t i o n  
o f  ammonia (10  m l . )  w i th  c o o l i n g  i n  i c e .  A .g re e n  p r e c i p i t a t e  
fo rm ed , i n s o l u b l e  i n  s o l v e n t s  o t h e r  t h a n  a l c o h o l s .  The 
s o l u t i o n  was e v a p o r a te d  and th e  r e s i d u e  and p r e c i p i t a t e  d i s ­
s o lv e d  i n  m e t h a n o l / e t h e r  and ch ro m a to g ra p h ed  on a lu m in a .  A 
s m a l l  amount o f  t h e  o r i g i n a l  a c i d  ( i d e n t i f i e d  b y  sp e c tru m )  
was r e c o v e r e d  by  e l u t i o n  w i th  ammonia, b u t  th e  m a j o r i t y  o f  t h e  
m a t e r i a l  c o u ld  no t be  e l u t e d  from t h e  a lu m in a .
A ttem p ted  p r e p a r a t i o n  o f  t h e  amide from  t h e  e s t e r .
The e s t e r  (55  m g.)  was d i s s o l v e d  i n  e th a n o l  (2  m l . ) ,  
t h e  s o l u t i o n  s a t u r a t e d  v d th  ammonia g a s  and  a llo w ed  to  s t a n d  
5 days  i n  th e  c o l d .  A p o r t i o n  was th e n  e v a p o r a te d  b u t  t h e  
r e s i d u e  was l i q u i d .  A f t e r  a  f u r t h e r  2 days t h e  s o l u t i o n  
was r e f l u x e d  3 h o u r s  and t h e n  e v a p o r a t e d ,  b u t  th e  r e s i d u e  was 
s t i l l  l i q u i d  and s o l u b l e  i n  p e t r o le u m .  C hrom atography  on 
a lu m in a  showed t h a t  t h e  m a t e r i a l  was p r a c t i c a l l y  homogeneous,
o n ly  a  t r a c e  re m a in in g  on t h e  oolumn a f t e r  w ash ing  w i t h  
b e n z e n e .  The speo trum  o f  t h e  e l u a t e  was i d e n t i c a l  w i th  
t h a t  o f  t h e  s t a r t i n g  m a t e r i a l .
2 - M e th y la z u l e n e - 6 - c a r b o x y l i c  amide aL I I I .
The e s t e r  (155  mg.) was d i s s o l v e d  i n  9 6 $ e th a n o l  
( o a  1 m l . )*  a  few d ro p s  o f  e th y l e n e  g l y c o l  add ed , t h e  
s o l u t i o n  s a t u r a t e d  w i th  ammonia g as  and h e a t e d  23 h o u r s  a t  
190° i n  a  s e a l e d  t u b e .  The a lo o h o l  w as th e n  e v a p o r a te d ,  
th e  r e s i d u e  d i s s o l v e d  i n  OHOlg and w ashed  w i th  d i l .  ffagGOg 
s o l u t i o n  w hich  removed some b l u e - g r e e n  a c id  (30  m g . ) .  
Spectrum * 652 m ( 6 2 8 ? ) ,  595 f  (572?)*  549 f .
The CHGlg l a y e r  was e v a p o r a te d  and gave a  s o l i d  
r e s i d u e  (100  mg. = 7 6 $ ) .  T h is  w as s e p a r a t e d  i n t o  two 
f r a c t i o n s  b y  c r y s t a l l i s a t i o n  from  e th a n o l*
1 ) .  v i o l e t  p l a t e s  m .p .  225-227° ( s m a l l  q u a n t i t y )
(Pound: C, 7 2 .3 4 ,  H, 6 .0 3 ,  I ,  8 . 5 3 $ ) ,
2 ) .  b l u e  p l a t e s  m .p .  212-214°  (m ain  f r a c t i o n )
(Pound: C, 7 7 .9 2 ,  H, 5 .9 9 ,  ff, 7 .6 1 $ ;  C12H1;]Off r e ­
q u i r e s *  C, 7 7 .8 4 ,  H, 5 .9 5 ,  ff, 7 .5 7 $ ) .
Spectrum* 664 m ( 6 4 2 ? ) ,  606 f  ( 5 8 3 ? ) ,  557 f  ( a l o o h o l ) .
S u b sequ en t p r e p a r a t i o n s  i n  w hich  99$ e t h a n o l  was 
s u b s t i t u t e d  f o r  96$ were u n s u c c e s s f u l .
I n  an e a r l y  e x p e r im e n t ,  c o n d u c te d  a t  140° f o r  
6| ” h o u r s ,  a  b r i g h t  g re e n  a c i d  was o b ta in e d ,  m .p .  215-220°
decom p.; mixed w i th  t h e  d a rk  b l u e - g r e e n  a c i d  (m .p .  162-164 °)
o
from  t h e  h y d r o l y s i s  o f th e  e s t e r  m .p .  c^a 160 decomp.
Speotrum* 669 m, 607 m, 558 s .
On t r e a tm e n t  w i th  d iazo m ethane  t h i s  gave a  b lu e  
s o l i d  e s t e r  sp e o tru m : 676 f ,  651 s ,  636 s ,  613 m, (577 s s ) ,
(564 s s ) , ( 5 4 2 ? )  ( p e t r o l e u m ) .
The by  p ro d u c t  from l a t e r  amide p r e p a r a t i o n s  a p p e a re d  
t o  be  a  m ix tu r e  o f  t h e  two ao i& s.
A ttem p ted  Hofmann r e a c t i o n  on 2 - m e th y la z u le n e - 6 - c a r b o x y l i c  
a m id e .
A s to c k  s o l u t i o n  o f  0 .5  ff ffaOCl was p r e p a r e d  b y  
a b s o r b in g  t h e  c h l o r i n e  from  21 m l .  HC1 and 1 .6 1 5  g .  KMhO  ̂ i n  
100 m l .  10$ HaOH ( s e e  Adams: O rgan ic  R e a c t io n s ,  v o l . I I I ) .
The e f f e c t  o f t h i s  s o l u t i o n  on  g u a ja z u le n e  was t r i e d  by  d i s ­
s o l v i n g  100 mg. o f  th e  l a t t e r  i n  1 m l .  d io x a n e ,  ad d in g  
2 m l .  ffaOCl s o l u t i o n  and a l lo w in g  t h i s  to  s t a n d  a t  3 0 -40°  f o r  
Z \  h o u r s .  The a z u le n e  was r e c o v e r e d  u n c h an g e d .
The c ru d e  amide T175 m g.) was k e p t  a t  35° f o r  2 h o u r s  
w i th  0 .5  ff ffaOCl s o l u t i o n  (4  m l . ) .  The s o l i d  d id  n o t  d i s ­
s o l v e ,  b u t  t u r n e d  b ro w n . So HC1 s o l u b l e  m a t e r i a l  was 
o b ta in e d  and m ost o f  t h e  amide (120 m g.) was r e o o v e r e d .
T h is  r e c o v e r e d  amide (120 mg.) was d i s s o l v e d  i n
m e th a n o l  ( c a  5 m l . ) ,  ffaOCl s o l u t i o n  ( 2 .7  m l . )  added and th e  
m ix tu r e  warmed on th e  w a te r  b a th  f o r  a  few m in u te s .  The 
o o lo u r  r a p i d l y  changed  t o  p u r p le  and a  brown gum was de­
p o s i t e d .  A f t e r  c a  10 m in u te s  th e  m ix tu r e  was d i l u t e d  w i th  
w a te r  and t h e  m e th a n o l  d i s t i l l e d .  The aqueous l a y e r  was
e x t r a c t e d  w i th  e t h e r  and th e n  GHC1_, t h e n  a c i d i f i e d  and  ex -
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t r a c t e d  a g a i n .  The l a t t e r  e x t r a c t  gave some b l a c k  s o l i d  
(70  mg.) w hich  on r e o r y s t a l l i s a t i o n  from  o y c lo h ex ane  gave  
g r e e n  c r y s t a l s  m .p .  1 5 5 -1 6 0 °  (41 m g.) a p p a r e n t l y  i d e n t i c a l  
v / i th  2 - m e th y la z u le n a - 6 - c a r b o x y l i c  a c i d .
The f i r s t  e x t r a c t  ( p u r p l e )  gave a  d a rk  p u r p le  s o l i d  
(50  mg.) w hich  was d i s s o l v e d  i n  a  l i t t l e  e th a n o l  and t r e a t e d  
w i th  d i l .  HgSO^, b u t  no o o lo u re d  a c id  s o l u b l e  m a t e r i a l  was 
o b ta in e d *  The o r i g i n a l  m a t e r i a l  was r e c o v e r e d  and ch ro m a to ­
g rap h ed  g iv in g *
1 ) b l u e  o i l  (10  mg.)
2) p i n k ,  s e m i - s o l i d  (30  mg.)
3 ) g ree n -b ro w n , gum ( t r a c e )
4) b lu e  s o l i d  (10  m g.) -  unchanged am ide .
A ttem p ted  r e d u c t i o n  o f  th e  a s id e  w i th  l i t h i u m  alum inium  
h y d r i d e .
The amide was t r e a t e d  w i t h  e x c e s s  LiAlH^ i n  e t h e r  
and a  brow n com plex was fo rm ed , b u t  on h y d r o ly s in g  t h i s  no
a o id  s o lu b l e  m a t e r i a l  was o b ta in e d ,  th e  s t a r t i n g  m a t e r i a l  
b e in g  r e c o v e r e d  unch an ged . When some d ry  b e n ze n e  w as added 
t o  i n c r e a s e  s o l u b i l i t y ,  and t h e  s o l u t i o n  warmed f o r  a  few 
m in u te s ,  a  t r a c e  o f  p in k  m a t e r i a l  s o l u b l e  i n  a c i d  was o b ta in e d ,  
b u t  t h e  b u l k  o f  t h e  amide was r e c o v e r e d  u n ch an g ed . When 
th e  r e a c t i o n  was p e rfo rm ed  i n  b e n z e n e  and th e  com plex  r e f l u x e d  
2 h o u r s ,  t h e  b lu e  o o lo u r  was d e s t r o y e d  c o m p le te ly  and no a c i d  
s o l u b l e  m a t e r i a l  was o b t a i n e d ,  a  brow n gum r e m a in in g  i n  th e  
n e u t r a l  f r a c t i o n  o f  t h e  p r o d u c t .
R e d u c t io n  o f  2 - m e th y la z u le n e - 6 - c a r b o x y l i c  e s t e r  w i th  L iA lH ^i 
2- m e th y l - 6 - h y d r o x y m e th y la z u le n e , X L V III .
The e s t e r  (200 mg#) d i s s o l v e d  i n  d ry  e t h e r  (o a  20 m l . )  
was p la c e d  i n  a  f l a s k  f i t t e d  w i th  c o n d e n se r  and  d ro p p in g  
f u n n e l  p r o t e c t e d  by  d ry in g  t u b e s .  An e t h e r e a l  s o l u t i o n  o f  
J iA lH *  ( 3 .5  m g . /m l .  i 4 m l . )  was d rop ped  i n  w i th  s h a k in g .  A 
p u r p l e  com plex was d e p o s i t e d  and a l lo w e d  t o  s t a n d  o v e rn ig h t*
A few d r o p s  o f  w a t e r  w ere  t h e n  added , t h e  e x c e s s  rem oved w i th  
UagSO^ and t h e  s o l u t i o n  f i l t e r e d  and e v a p o r a t e d .  The 
r e s i d u e  ( v i o l e t )  was o n ly  s p a r i n g l y  s o l u b l e  i n  p e t ro le u m  and 
was d i s s o l v e d  i n  ben zen e  and ch ro m a to g ra p h ed  g i v i n g :
1) a  t r a c e  t b l u e  * sp ec tru m  692 f f ,  670 m, 649 s ,  626 f f ,  
611 m, 591 m, 575 f ,  559 s ,  542 s ,  532 s  ( 2 :6 - d im e th y l -  
a z u le n e ? )
2) 80 mg. * b l u e - v i o l e t  * speo trum  658 f ,  635 s ,  599 f ,
578 s ,  551 f ,  511 ss  (un changed  e s t e r )
3) 125 mg. : v i o l e t  ( e l u t e d  w i th  e t h e r )  : sp eo tru m  654 s s ,  
601 m, 561 m.
R e c r y s t a l l i s a t i o n  o f  f r a c t i o n  3 from  c y c l o h exane 
gave d a rk  p u r p l i s h  b l a c k  p r ism s  o f  2 -m e th y l-  6-h y d ro x y m e th y l-  
a z u le n e  m .p .  1 2 4 -1 2 5 ° .
(Pound* 0 , 8 3 .4 4 ,  H, 7 .2 3 ,  nH,f ( S e r e w i t i n o f f ) 0 .6 1 $ ;
C12H12° m a i r e a *  C, 8 3 .6 9 ,  H, 7 .0 2 ,  "Hw 0 .5 9 $ ) .
S i m i l a r  r e d u c t i o n  o f  t h e  f r e e  2 - m e th y la z u le n e - 6 -  
o a r b o x y l i c  a c id  gave a  v i o l e t  o i l  b u t  t h e  p r o d u c t  was n o t  
o r y s t a l l i s e d .
A s u b s e q u e n t  r e d u c t i o n  o f  t h e  e s t e r  u s in g  a  l a r g e
e x c e s s  o f  LiAlH^ gave no unchanged  e s t e r ,  b u t  much g r e e n  brown
by  p r o d u c t .
T rea tm en t  o f  th e  a lo o h o l  w i th  b e n z o y l  c h l o r i d e  and 
p y r i d i n e  i n  e t h e r  gav e  a  b l u e - v i o l e t  o i l  w h ich  c o u ld  no t b e  
o r y s t a l l i s e d .  The r e a c t i o n  was f a i r l y  v ig o ro u s  and th e  
a lo o h o l  does  n o t  a p p e a r  to  be  v e r y  s t a b l e  as  i t  r e s i n i f i e s  
r e a d i l y  i n  a i r .
70.
T ab le  o f  S p e o t r a
These s p e c t r a  w ere  m easu red  on a  v i s u a l  s p e c t r o ­
m e te r ,  t h e  o e n t r e s  o f  thA b a n d s  b e in g  t a k e n  as th e  a v e ra g e  
o f  a number o f  d e t e r m i n a t i o n s .  Wave l e n g t h s  a r e  i n  mp 
and t h e  i n t e n s i t i e s  o f  th e  b a n d s  a r e  d e n o te d  q u a l i t a t i v e l y  
a s  f o l l o w s :  f f  = v e r y  s t r o n g ,  f  - s t r o n g ,  m * medium,
s  - weak, s s  B v e r y  weak
2 3 4 5 6 7 8
E s t e r  A cid  A cid  E s t e r
XLII XLV (from  (from
amide a c id  3) 
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Part I I  - I r o p o lo n e s .
Summary.
A s y n t h e s i s  o f 3 :4 - b e n z t r o p o lo n e  ( 3 :4 - b e n z c y c l o - 
h e p t a  5 : ^ - t r i e n - l - o l - 2 - o n e  XXX) i s  d e s c r i b e d .  2 :3 -n e n z -  
su b e ro n e  i s  o x i d i s e d  w i th  se le n iu m  d io x id e  t o  t h e  g ^ d i -  
k e to n e  XXIX, w hich  i s  t h e n  d e h y d ro g e n a te d  w i th  p a l l a d i s e d  
c h a r c o a l  i n  t r i c h l o r o b e n z e n e  t o  b e n z t r o p o lo n e .  f u s i o n  of 
t h i s  w i th  p o ta s h  g i v e s  c ^ -n a p h th o ic  a c i d ,  w h i l e  t h e  
p r e s e n c e  o f  th e  7-membered r i n g  i s  c o n f i rm e d  by  h y d ro g e n a ­
t i o n  to  3 : 4 - b e n z s u b e r a n - l : 2 - d i o l  XXXII w hich  i s  o x i d i s e d  
b y  h y p o b ro m ite  to  t h e  known ^ - 2-c a r b o x y p h e n y lb u ty r io  
a c i d  XXXIIi and b y  p e r i o d i c  a c id  t o  y  - 2 - fo rm y lp h e n y l -  
b u ty r a ld e h y d e  XXXIIIa* B e n z s u b e ra n d io n e  h a s  a l s o  "been
brom L naied  t o  a  m ix tu re  o f  a  mo nob r  omob enz sub e r  a n d i  o ne 
and a  m on o b ro m o b en z tro p o lo n e , and th e  l a t t e r  h a s  b e e n  
deb n o m in a ted  t o  b e n z t r o p o lo n e  .
P a l la d iu m  d e h y d ro g e n a t io n  o f  s u b e ra n d io n e  h a s  n o t  
b e e n  s i m i l a r l y  s u c c e s s f u l  i n  p ro d u c in g  t ro p o  l o n e ,  b u t  
b r o m in a t io n  h a s  r e s u l t e d  i n  a  bromo t r o p o  l o n e , w hich  how ever 
h a s  n o t  b e e n  d e b ro m in a te d .
OfL
[The name n t r o p o  lo n e 11 was s u g g e s te d  b y  Dewar00 f o r  
t h e  o y c lo  h e p t a t r i e n o l o n e  sys tem  I ,  and t h i s  s t r u c t u r e  h a s  
o e r t a i n  u n iq u e  f e a t u r e s .  A lthough  i t  i s  t h e  m ono-eno l form  
o f  t h e  d ik e  to n e  I I I ,  t h e  c o n j u g a t i o n  o f  t h e  t h r e e  d o u b le  
b ond s  and t h e  k e to  group to  form  a c lo s e d  sy s te m , and th e  
p o s s i b i l i t y  o f  r e s o n a n c e  w i th  t h e  a l t e r n a t i v e  fo rm  I I ,  l e a d  
one to  e x p e c t  a  g r e a t e r  s t a b i l i t y  t h a n  i s  u s u a l  i n  t h e  mono- 
e n o l  fo rm s o f  ^ - d i k e t o n e s .  I n  f a c t ,  t h e  e n o lo n e  sy s tem
I  I I  I I I  IV
may be c o n s id e r e d  a s  an  e x te n d e d  form  o f  t h e  o a rb o x y l  o r  
P - d i k e t o n e  g r o u p i n g s :-
0 = C -  OH, 0 « 0 -  C = C -  OH, 0 » 0 -0  = G-Q = G-C = C 
o a rb o x y l  - d i k e t o n e  t ro p o  lo n e
from  w hich  m ig h t  b e  e x p e c te d  a  c o n s i d e r a b l e  d e g re e  o f
a c i d i t y ,  and Dewar s u g g e s te d  i n  a d d i t i o n  t h a t  t h e  c lo s e d
sy s te m  I  s h o u ld  e x h i b i t  q u a s i  a ro m a t ic  p r o p e r t i e s ,  w i th
s u p p r e s s io n  o f  b o th  c a rb o n y l  and d o u b le  bon d  r e a c t i v i t y .
H is  o r i g i n a l  t h e o r y  a l s o  i n c l u d e d  t h e  e x i s t e n c e  o f  a  
h y d ro g e n  bond  a s  i n  IV , w hich  would i n c r e a s e  t h e  r e s o n a n c e  
e n e rg y  and hence  t h e  s t a b i l i t y ,  b u t  o a l o u l a t i o n  o f  th e  0 - 0  
bon d  d i s t a n c e  h a s  shown t h a t  i t  may b e  to o  lo n g  to  p e rm i t  an
87o r d i n a r y  h y d ro g en  bond
S t i p i t a t i o  a o i d .
arhe o c c a s io n  f o r  t h i s  s p e c u l a t i o n  was th e  d i s c o v e r y  
o f  a  m ould m e t a b o l i t e ,  s t i p i t a t i o  a c i d ,  w hich  was v e ry  f u l l y  
d e s c r i b e d  and c h a r a c t e r i s e d ,  t o g e t h e r  w i th  some o f  i t s
68d e r i v a t i v e s ,  b y  B i rk in s h a w , Chambers and R a i s t r i c k  i n  1942 ° .  
A lthough  t h i s  s u b s ta n o e  h a s  th e  a p p a r e n t l y  s im p le  m o le c u la r  
f o rm u la  0^ , t h e s e  a u th o r s  w ere  u n a b le  to  e s t a b l i s h  a  
s a t i s f a c t o r y  s t r u c t u r e  f o r  i t .  I t  t i t r a t e s  a s  a  d i b a s i c  
a c i d  and a  n e u t r a l  s o l u t i o n  o f  i t s  sodium s a l t  i s  s t r o n g l y  
y e l lo w .  I t  d i s s o l v e s  i n  e o n c .  HOI o r  HUO^ to  g iv e  a  y e l lo w  
s o l u t i o n  from  w hich  i t  c a n  b e  r e g e n e r a t e d  b y  d i l u t i o n ,  
s u g g e s t i n g  t h e  f o r m a t io n  o f  an oxonium s a l t .  Ho a ld eh y d e  
o r  k e to  group  c o u ld  b e  d e t e c t e d  w i t h  a  w ide  v a r i e t y  o f  r e ­
a g e n t s .  fwo o f  t h e  oxygen  atom s w ere shown to  be  i n  a  
o a rb o x y l  g ro u p ,  and t h e  p r e s e n c e  o f  a  p h e n o l i c  h y d ro x y l  and 
a  s t r o n g l y  a c i d i o - e n o l  g rou p  was a l s o  d e m o n s t r a te d .  (Dhe 
f i f t h  oxygen atom  was u n a c c o u n te d  f o r  u n t i l  i t  was found  
t h a t  on h y d r o g e n a t io n  a  t e t r a h y d r o s t i p i t a t i o  a c i d  was fo rm ed  
w hich  was k e to n ic  and o n ly  a  mono b a s i c  a o i d .  T h is  
s u g g e s te d  t h e  p re s e n c e  o f  a  c a r b o n y l  g roup  whose a c t i v i t y  
was m asked i n  some way i n  t h e  o r i g i n a l  compound. Ih e  
g e n e r a l  s t a b i l i t y  o f  th e  m a t e r i a l  s u g g e s t s  an a ro m a tic
compound - b rom ine  f o r  exam ple form s a  mono s u b s t i t u t i o n  com­
pound w hich  i s  n o t  r e a d i l y  h y d r o ly s e d  - and  a  s t r i k i n g  f a c t  
i s  t h a t  f u s i o n  v /ith  p o ta s h  a t  300° g i v e s  an e x c e l l e n t  y i e l d  




The o n ly  f o rm u la  w bich  B i rk in s h a w , Chambers and 
R a i s t r i c k  w ere  a b le  to  s u g g e s t  was 2 - f o r m y l - 3 : 5 - d ih y d ro x y  
b e n z o ic  a c i d  VI, b u t  on s y n t h e s i s  t h i s  compound p roved  to  be  
d i f f e r e n t ,  and i n  f a c t  gave t y p i c a l  a ld e h y d e  r e a c t i o n s .
Dewar now p ro p o se d  a  h y d ro x y  t r o p o lo n e  s t r u c t u r e  V I I .
The seoond  a c i d i c  f u n c t i o n  and t h e  masked c a r b o n y l  r e a c t i v i t y  
a r e  e x p la in e d  b y  t h e  - e n o lo n e  g ro u p in g ,  and th e  s t a b i l i t y  o f  
t h e  s u b s ta n c e  by  th e  r e s o n a n c e  d e s c r i b e d  p r e v i o u s l y .  5-H ydroxy- 
i  s o - p h t h a l i o  a c i d  i s  p ro d u ced  b y  b e n z i l i c  a c i d  r e a r r a n g e m e n t  
o f  t h e  d ik e to  form V II I
C ' w
> Q .-O --0~
V II T i l l  »»
C o n f i rm a t io n  o f  t h i s  s t r u c t u r e  h a s  r e c e n t l y  (S e p t  .1949;
105
b e e n  c la im e d  b y  Todd e t  a l  f  who have  o b ta in e d  a c o n i t i c  a c i d ,  
HOgC.OH:C(COgH) .GHg.GC^H, b y  o x i d a t i o n  o f  s t i p i t a t i o  a c id -  These 
w o rk e rs  h a v e  a l s o  shown t h a t  two o t h e r  fu n g u s  p r o d u c t s  -  p u b e r u l i c  
and p u b e ru lo n ic  a c id s  - have  a  t r o p o lo n e  s t r u c t u r e .
C o l c h i c i n e .
89S h o r t l y  a f t e r  t h e s e  s p e c u l a t i o n s ,  Dewar p a t  fo rw a rd
th e  s u g g e s t i o n  t h a t  r i n g  C o f  o o l c h i o e i n e  m ig h t  a l s o  have  a
t r o p o lo n e  s t r u c t u r e ,  and t h a t  c o l c h i c i n e  and i s o  c o l c h i c i n e
w ere  t h e  two p o s s i b l e  i s o m e r ic  m e th y l  e t h e r s .  T h is  w ould
e x p l a i n  th e  a o i d i t y  o f  c o l c h i c e i n e ,  th e  f o r m a t io n  o f  iso m e r io
d ib e n z e n e s u lp h o n a te s ,  t h e  i n t e n s e  f e r r i c  r e a c t i o n  w hich  i s
n o t  g iv e n  b y  c o l c h i c i n e ,  t h e  i n t e n s e  y e l lo w  c o lo u r  o f  i t s
a l k a l i n e  s o l u t i o n s ,  and th e  f o r m a t io n  o f  a y e l lo w  d ih y d r o -
c h l o r i d e .  The l a o k  o f  c a rb o n y l  r e a c t i v i t y  i s  a l s o  e x p la in e d
much more s a t i s f a c t o r i l y  t h a n  b y  th e  o r i g i n a l  hy d ro x y m eth y len e
90k e to n e  fo rm u la  o f  W indaus , a s  i s  t h e  s t a b i l i t y  o f  th e  d o a b le  
bonds to w a rd s  m a le ic  a n h y d r id e  and p e rb e n z o io  a c i d .
Dewar Windaus
91f u r t h e r  e v id e n c e  i s  p r o v id e d  by  h y d r o g e n a t io n  , whioh
p ro d u c e s  a  new h y d ro x y l  f u n c t i o n ,  t h e  p ro d u c t  g i v in g  a  c a r b o n y l
compound w i th  p e r i o d i c  a c id ,  a s  w ou ld  be  e x p e c te d  from  t h e  o (-
g l y c o l  IZ ,  th o u g h  p r o b a b ly  n o t  from  t h e  - g l y c o l  IZ a .
f u r t h e r  e v id e n c e  on t h i s  p o i n t  i s  d i s c u s s e d  l a t e r .  A l k a l i
92
f u s i o n  fo l lo w e d  b y  EMnO^ o x i d a t i o n  g iv e s  tjpfcrnellitio a o id  Z # 
w hich  c o u ld  be form ed from  r i n g  0 b y  b e n z i l i c  a o id  r e a r r a n g e m e n t
79.
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IX a X
A more d i f f i c u l t  r e a c t i o n  to  e x p la in  i s  t h e  c o n v e r s io n
o f  c o l c h i c e i n e  w i th  c o ld  h y p o i o d i t e  o r  h y p o b ro m ite  i n t o  a
compound i n  w hich  r i n g  G i s  a lm o s t  c e r t a i n l y  b e n z e n o id ,  v i z .  
92 ,93XI Dewar a c c o u n ts  f o r  t h i s  by  b e n z i l i c  a c i d  r e a r r a n g e ­
ment fo l lo w e d  b y  o x i d a t i o n  and h a lo g e n a t i o n ,
OH cO■» Co»H
b u t  t h e  r e a c t i o n  c o n d i t i o n s  a r e  v e ry  much m i l d e r  t h a n  th o s e
u s u a l l y  a s s o c i a t e d  w i th  t h e  b e n z i l i o  a o id  ch an g e ,  and e v id e n c e
w hich  h a s  s u b s e q u e n t ly  b e en  o b ta in e d  from  known t r o p o lo n e s
s u g g e s t s  t h a t  t h e s e  a r e  v e ry  s t a b l e  to  a l k a l i .  On t h e  o t h e r  
94h and  W allaoh  h a s  c o n v e r te d  s u b s t i t u t e d  o y c lo h e x a n o n e s  to  
t h e  o y o lo p e n ta n o n e s  b y  s u c c e s s iv e  b r o m in a t io n  and s h a k in g  w i th
a l k a l i  i n  t h e  o o ld ,  though  th e  f i n a l  o x i d a t i o n  h ad  to  be 
c a r r i e d  o u t w i th  l e a d  p e r o x id e .
s t r u c t u r e  a p p e a rs  t o  b e  th e  m ost s a t i s f a c t o r y  y e t  s u g g e s te d  
f o r  r i n g  C o f  c o l c h i c e i n e .
P u r p u r o g a l l i n .
The f i r s t  n a t u r a l  p r o d u c t  to  which a  t r o p o lo n e  s t r u c t u r e
was d e f i n i t e l y  a s s ig n e d  was p u r p u r o g a l l i n .  T h is  compound i s  
o b t a in e d  by  o x i d a t i o n  o f  p y r o g a l l o l  and a l s o  from  c e r t a i n  
n a t u r a l l y  o o c u r r in g  g a l l s ,  and t h e  work o f  B a r l t r o p  and
h av e  t h e  t r i h y d r o x y  b e n z t r o p o lo n e  s t r u c t u r e  X I I .
M e th y la t io n  o f  p u r p u r o g a l l i n  g iv e s  a  t r i m e t h y l  
d e r i v a t i v e  X I I I ,  which oan  be  h y d ro g e n a te d  to  a  k e to n io  t e t r a -  
h y d r o t r im e t h y l  p u r p u r o g a l l i n  XIV, and t h i s  f u r t h e r  m e th y la te d  
to  t h e  t e t r a m e t h y l  compound XV. O x id a t io n  w i th  a l k a l i n e  
p e ro x id e  now g i v e s  t h e  t r im e th o x y c a r b o x y - p h e n y lb u ty r i c  a c i d  
XVI w hich  h a s  b e e n  i d e n t i f i e d  b y  s y n t h e s i s .
D e s p i t e  t h i s  p o s s i b l e  o b j e c t i o n ,  th e  t r o p o lo n e
9 5 96N ic h o ls o n  , and H aw orth  and  c o -w o rk e rs  h a s  shown i t  to
X II X I I I XIV
O x id a t io n  o f  t e t r  am e th y l  p u r p u r o g a l l i n  w i th  XM11O4
g iv e s  t r im e th o x y p h th o l io  a n h y d r id e  XVII, w h i le  f u s i o n  o f  
p u r p u r o g a l l i n  w i th  p o ta s h  g i v e s  p u r p u r o g a l lo n e ,  whioh i s  
b e l i e v e d  to  be t h e  t r i h y d r o x y  -  <*. - n a p h th o io  a o id  X V III a r i s ­
i n g  from  b e n z i l i c  a o id  re a r r a n g e m e n t  and d e h y d r a t i o n .
o f  t h e  b enzene  r i n g ,  l e a v in g  a  t r i b a s i o  a o id  whioh o an  be  
d e o a r b o x y la te d  by  h e a t i n g  t o  a  m onobasio  a o i d .  These com­
pounds a r e  s t a t e d  t o  h av e  p r o p e r t i e s  s i m i l a r  to  s t i p i t a t i o  
a o id ,  and a r e  b e l i e v e d  t o  be th e  s im p le  t r o p o lo n e  d e r i v a t i v e s  
XIX and XX r e s p e c t i v e l y .
HO
XVII X V III
A e r i a l  o x i d a t i o n  o f  p u r p u r o g a l l i n  r e s u l t s  i n  f i s s i o n
O OH O
XIX
P u r p u r o g a l l i n  i t s e l f  and i t s  m e th y l  e t h e r s  have no 
k e t s n io  p r o p e r t i e s ,  b u t  t h e i r  h y d r o g e n a t io n  p r o d u c t s  a re  
k e t e n i o .
T h u j a p l i o i n s .
One o t h e r  g roap  o f  n a t u r a l  p r o d u c t s  h a s  b een  shown
to  have  th e  t r o p o lo n e  s t r u c t u r e .  The t h r e e  p o s s i b l e  i s o -
p r o p y l t r o p o l o n e s  XXI, XXII and XXIII have b e en  i s o l a t e d  b y
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Brdtman and h i s  c o -w o rk e rs  from  w e s te r n  r e d  c e d a r  ( t h u j a  
p l i o a t a  D.Don, C u p re s s a c e a e j  and  a re  d e s ig n a t e d  r e s p e c t i v e l y  
, (*- and / - t h u j a p l i o i n s .
XXI XXII XX III
They show no c a r b o n y l  r e a c t i v i t y ,  b u t  h y d r o g e n a t io n  
g i v e s  f i r s t  a  k e to n io  p ro d u c t  and  th e n  & g ly o o l  XXIV w hich  
oan  be o x i d i s e d  w i t h  p e r i o d i c  a c i d  to  t h e  d ia ld e h y d e  XXV, o r  
w i th  pe rm angana te  t o  th e  d i b a s i c  a o id  XXVI whioh oan  t h e n  b e  
r i n g  c lo s e d  to  th e  i s o p r o p y lo y o lo h exanone XXVII, t h u s  
e s t a b l i s h i n g  a  7-membered r i n g  i n  t h e  o r i g i n a l .  A l k a l i  
- f u s i o n  g iv e s  t h e  c o r r e s p o n d in g  i s o p r o p y lb e n z o ic  a c i d .
Wo
XXIV XXV XXVI XXVII
T hese  t h u j a p l i c i n s  a re  t o x io  to  a  v a r i e t y  o f  wood- 
d e s t r o y i n g  m oulds and a co o u n t  f o r  t h e  g r e a t  d u r a b i l i t y  o f  
t h e  wood i n  which th e y  o c c u r .
S y n t h e s i s .
The p r e s e n t  work i s  c o n c e rn e d  w i th  a t t e m p t s  to  
s y n t h e s i s e  t h e  t r o p o lo n e  s tru .c tu .re  i n  o r d e r  to  make a  d i r e c t  
s t u d y  o f  i t s  p r o p e r t i e s  and compare them  w i th  th o s e  o f  
o o l c h i o e i n e .
The scheme o r i g i n a l l y  d e v is e d  was to  o x i d i s e  su b e ro n e  
to  th e  - d i k e t o n e  XXVIII w i th  se le n iu m  d i o x id e ,  b ro m in a te  
t h i s  and th e n  d e h y d ro b ro m in a te  to  t r o p o lo n e  i t s e l f
XXVIII
The d ik e to n e  was o b ta in e d  as a  deep  y e l lo w  l i q u i d  
b . p .  1 0 4 - 1 1 0 ° / l7  mm., b a t  b r o m in a t io n  o f  t h i s  w i th  £ m o le c u le s  
o f  b ro m in e  a t  low t e m p e r a t a r e s  gave  o n ly  o i l y  p r o d u c t s ,  
th o u g h  th e  use  o f  e x c e s s  b rom ine  gave a  c r y s t a l l i n e  t e t r a -  
b rom ide  m .p .  8 2 -8 4 ° ,  b u t  t h i s  gave  o n ly  t a r r y  p r o d u c t s  on 
a t t e m p t in g  to  d e b ro m in a te  i t  w i t h  p y r i d i n e .
The same s e r i e s  o f  r e a c t i o n s  was now t r i e d  on b e n z -  
su b e ro n e ,  i n  t h e  hope o f  o b t a i n i n g  more s t a b l e ,  c r y s t a l l i n e  
com pounds. S e len ium  d io x id e  o x i d a t i o n  gave t h e  d ik e to n e  
XXIX a s  a  deep  y e l lo w  l i q u i d  b . p .  1 2 8 - 1 3 2 ° /0 .4  mm., from  
w h ich  was o b t a i n e d  a  mono 2 t4 - d in i t r o p h e n y lh y d r a z o n e  m .p .  230- 
2 3 2 ° ,  and a  aem io a rb azo n e  m .p .  1 9 0 -1 9 2 ° .  n e i t h e r  t h i s  
d ik e to n e  n o r  su b e ra n d io n e  fo rm ed  a  q u in o x a l in e  w i th  o^-phenylene- 
d i a m in e .
Benz sal) e r a n d i  one r e a c t e d  r e a d i l y  with. 1 m o le c u le  o f  
b rom ine  i n  g l a c i a l  a c e t i c  a c id  and two o r y s t a i l i n e  tnonobromo
th o u g h t  t o  be i s o m e r io ,  were o b t a i n e d .  numerous a t t e m p t s  
w ere  now made to  d e b ro m in a te  t h e s e  compounds, b y  h e a t i n g  
w i th  p y r i d i n e ,  q u i n o l i n e  o r  sodium  a c e t a t e ,  o r  c o n d e n s a t io n  
w i t h  d i -  o r  t r i - m e th y la m in e  f o l lo w e d  by e x h a u s t iv e  m e t h y l a t io n ,  
b a t  w i th o u t  s u c c e s s .  The lo w er  m e l t i n g  compound was much th e  
l e s s  s t a b l e ,  and a p p e a re d  to  form  an amine w i th  d im e th y l  am ine, 
w h ich  th e  h i g h e r  m e l t in g  compound d id  n o t .  The p r o c e d u r e  o f  
L la ttox  and K e n d a l l9® f o r  d e b ro m in a t in g  -b ro m o k e to n es  b y  
t r e a tm e n t  w i t h  d i n i t r o p h e n y l h y d r a z i n e  was a l s o  u n s u c c e s s f u l .
I n  some h r o m in a t io n s  o f  b e n z s u b e ra n d io n e  a  b ro m in e -  
f r e e  b y p ro d u c t  was o b t a in e d  i n  sm a ll  am oun ts , and  t h i s  su b ­
s e q u e n t l y  p ro v e d  t o  be t h e  d e s i r e d  b e n z t r o p o lo n e  XXX. I t s
f o r m a t io n  i n  t h i s  r e a c t i o n  i s  f a v o u re d  b y  h e a t i n g  th e  
m ix tu r e  and t h e n  p o u r in g  i t  i n to  e x c e s s  a l k a l i ,  i n  which th e  
t r o p o lo n e  i s  s o l u b l e ,  b u t  th e  y i e l d s  were to o  s m a l l  f o r  i t s  
oo rap le te  i n v e s t i g a t i o n  a t  t h i s  s t a g e .
com pounds, m .p . 142-144°  and 9 2 -9 4 °  r e s p e c t i v e l y ,  a t  f i r s t
XXIX m n c
D i r e c t  d e h y d ro g e n a t io n  o f  b in z s u b e r a n d i  one b y  r e f l a x ­
in g  w i t h  p a l l a d i s e d  c h a r c o a l  i n  t r i o h l o r o b e n z e n e  was now t r i e d .
T h is  l e d  to  a  m ix tu r e  o f  p r o d u c t s ,  a  n e u t r a l  s o l i d  m .p .  270- 
271° w hich  p r e c i p i t a t e d  d u r in g  t h e  w ork ing  up and a n a ly s e d
f o r  a  b i - m o l e c u l a r  compound G22% 6^3* p o s s i b l y  U X L ;
an  a c id  removed b y  w ash in g  w i t h  b i c a r b o n a t e  s o l u t i o n ,  m .p .  
1 3 6 -1 3 8 ° ;  and abou t IQffo o f  b e n z t r o p o lo n e ,  e x t r a c t e d  b y  
w ash in g  w i th  a l k a l i .  T h is  fo rm ed  p a l e  y e l lo w  n e e d l e s ,  m.p# 
8 5 -8 6 °  which gave a  b l o o d - r e d  c o l o u r a t i o n  w i th  f e r r i o  
c h l o r i d e ,  a  c r im s o n  p r e c i p i t a t e  w i t h  p - t o l y l  d iazo n iu m  c h l o r ­
i d e ,  and w hich  d i s s o l v e d  i n  c a u s t i c  a l k a l i ,  th o u g h  n o t  i n  
c a r b o n a t e ,  o r  i n  c o n o . HOI t o  g iv e  y e l lo w  s o l u t i o n s .  The 
E 01 s o l u t i o n  became c o l o u r l e s s  &n d i l u t i o n  w i t h  w a t e r  and th e  
m a t e r i a l  was r e p r e c i p i t a t e d .  B e n z t ro p o lo n e  had  no e a rb o n y l  
r e a c t i v i t y :  i t  c o u ld  n o t  be  cond en sed  w i th  2 : 4 - d i n i t r o p h e n y l ­
h y d r a z in e  o r  s e m ic a r b a z id e ,  and iliw as r e c o v e r e d  unchanged  a f t e r  
h e a t i n g  w i th  h y d ro x y l  amine h y d r o c h l o r i d e  i n  a l k a l i  ( t h e  m ethod
QQ
used  b y  W alla ch  t o  form  d e r i v a t i v e s  o f  d i o s p h e n o l s ) . W ith  
a c e t i c  a n h y d r id e  a  gummy m a t e r i a l  was form ed w hioh  gave  no 
f e r r i o  c h l o r i d e  r e a c t i o n ,  b u t  c o u ld  be h y d ro ly s e d  to  th e  
o r i g i n a l  t r o p o lo n e  w i th  c a u s t i c  so d a .  W ith  aqueous c o p p e r  
a c e t a t e  s o l u t i o n  a  c h lo ro fo rm  s o l u b l e  co p p er  s a l t  was form ed 
w h ich  c r y s t a l l i s e d  i n  d a rk  o l i v e  g re e n  n e e d l e s  m .p .  2 4 9 -2 5 0 ° ,
and from  which t h e  o r i g i n a l  b e n z t r o p o lo n e  c o a id  be r e g e n e r a t e d  
w i th  HC1•
f fu s io n  o f  b e n z t r o p o lo n e  w i th  c a a s t i c  p o ta s h  gave  an
a lm o s t  q u a n t i t a t i v e  y i e l d  o f  - n a p h th o ic  a c i d .  The
p r e s e n c e  o f  a  7-membered r i n g  was c o n f i rm e d  b y  h y d r o g e n a t io n
w i th  Adams' o a t a l y s t  to  t h e  d i o l  22X11 w hich  gave  a  c h a r a c t e r -
100i s t i c  c o l o a r  w i th  g r i e g e e ' s  << - g l y c o l  r e a g e n t ,  p o ta s s iu m
t e t r a m e t h y l  o sm ate  0s( OCH^)^ OK),,, and w hich  was o x i d i s e d  b y  
p o ta s s iu m  h y p o b ro m ite  to  th e  known i f - £ - o a r b o x y p h e n y l - b u ty r i c  
a c i d  2 2 X I I I .  T h is  a c i d  was a l s o  o b ta in e d  b y  HUQg o x i d a t i o n  
o f  b enz sub e r o n e 103' and b y  o x i d a t i o n  o f  b enz sub e r a n d i  one w i th  
a l k a l i n e  h y d ro g e n  p e r o x i d e ,  b y  w hich  t h e  d i o l  was u n a f f e o t e d .
The masked c a rb o n y l  r e a c t i v i t y  o f  b e n z t r o p o lo n e  was 
r e v e a l e d  b y  h y d r o g e n a t io n  o v e r  p a l l a d i s e d  c h a r c o a l  t o  a  
k e to n i c  p r o d u c t ,  p ro b a b ly  t h e  -h y d ro x y  k e to n e ,  w hich  was 
o x i d i s e d  b y  a l k a l i n e  h y d ro g en  p e ro x id e  to  Y ~ 2- c a rb o x y p h en y  1 -
b u t y r i c  a o i d .
The d i o l  o b t a in e d  above h a s  a  v e r y  u n sh a rp  m e l t in g  
p o i n t  ( 1 1 0 - 1 2 3 ° ) ,  p r o b a b ly  due t o  t h e  p r e s e n c e  o f  two s t e r e o ­
iso m e rs*  S i m i l a r  h y d r o g e n a t io n  o f  b enz sub e r a n d i  one w i th
X2XTI 22X111 X X X IIla
Adams' c a t a l y s t  l e d  to  a  compound m .p .  120-125°  w hich  i s
p r o b a b ly  t h e  same, and t h i s  on o x i d a t i o n  w i th  p o ta s s iu m
p e r i o d a t e  i n  t h e  a b sen ce  o f  a c i d  gave a c a rb o n y l  compound
whose sem io a rb az o n e  a n a ly s e d  i n  agreem ent w i th  t h e  d is e m i-
c a rb a z o n e  o f  t h e  d ia ld e h y d e  XXXTIIa. T h is  i s  i n t e r e s t i n g
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s i n c e  u n der  t h e  same c o n d i t i o n s  T a r b e l l  e t  a l .  have  b e en  
u n a b le  t o  i s o l a t e  d e r i v a t i v e s  o f  t h e  d ia ld e h y d e  w hich  sh o u ld  
b e  t h e  i n i t i a l  p ro d u c t  o f  th e  o x i d a t i o n  o f  h a x a h y d r o c o lc h ic e in e ,  
o n ly  a  mono-a ld e h y d e  b e in g  fo rm ed , w hich  th e y  e x p l a i n  by  i n t e r n a l
CftO
b a i l i n g  t h e  i s o l a t i o n  o f  t h e  i n t e r m e d i a t e  d ia ld e h y d e  
and b e t t e r  c h a r a c t e r i s a t i o n  of t h e  end p r o d u c t  th a n  h a s  y e t  
b e e n  r e p o r t e d ,  h ow ever ,  t h i s  o an  s c a r o e l y  b e  r e g a r d e d  a s  con - 
a l u s i v e  e v id e n c e  f o r  t h e  t r o p o lo n e  s t r u c t u r e  o f  r i n g  C.
I f  p u r i f i e d  h y d ro g en  w ere  u s e d  f o r  t h e  h y d r o g e n a t io n  
o f  b e n z t r o p o lo n e  and b enz sub e r a n d i  o n e , an u p ta k e  o f  n e a r l y  7 
and 5 m o ls .  o f  h y d ro g en  r e s p e c t i v e l y  was o b se rv e d  w i th  t h e  
p r o d u c t i o n  o f  compounds m .p .  135-1 40°  and 1 3 6 -1 3 9 ° ,  m ixed m .p .  
1 2 5 -1 3 3 ° .  T h is  u n e x p e c te d  r e d u c t i o n  o f  t h e  ben zen e  r i n g  
i n c r e a s e s  t h e  number o f  p o s s i b l e  s t e r e o i s o m e r s ,  and t h e s e  
oompounds w ere  n o t  f u r t h e r  i n v e s t i g a t e d .
The b e h a v io u r  o f  b e n z t r o p o lo n e  on b r o m in a t io n  was now 
i n v e s t i g a t e d .  1 m o l.  o f  b rom ine  was r a p i d l y  a b s o rb e d  th e
p r o d u c t  was fo u n d  t o  be  i d e n t i c a l  w i th  t h e  bromo compound 
m .p .  142-144° o b t a i n e d  from  b e n z s u b e r a n d io n e . f u r t h e r ,  t h i s  
bromo compound on h y d r o g e n a t io n  o v e r  p a l la d iu m  i n  p r e s e n c e  o f  
a l k a l i  gave  b e n z t r o p o lo n e ,  so t h a t  i t  m ust be r e g a r d e d  as  a  
b ro m o tr o p o lo n e . The d i f f e r e n c e  i n  t h e  a n a l y t i c a l  f i g u r e s  
c a l c u l a t e d  f o r  bromob enz t ro p o  lo n e  and  b ro m o b en z su b e ra n d io n e  i s  
s m a l l  and th e  o b se rv e d  v a lu e s  a re  i n t e r m e d i a t e .  The o b se rv e d  
v a lu e s  f o r  th e  o t h e r  bromo compound from  b e n z s u b e ra n d io n e ,  
m .p .  9 2 -9 4 °  a r e  a lm o s t  i d e n t i c a l  w i t h  t h o s e  c a l c u l a t e d  f o r  a  
b ro m o b e n z su b e ra n d io n e ,  and i t  i s  p e rh a p s  w o r th  n o t in g  t h a t  t h i s  
oompound g iv e s  a p r e c i p i t a t e  w i th  2 : 4 - d in i t r o p h e n y l h y d r a z i n e  
w h i le  th e  f i r s t  does n o t .  The r e l a t i v e  s t a b i l i t y  o f  t h e  
h i g h e r  m e l t in g  oompound i s  a l s o  now e x p l a i n e d .
S e v e ra l  v a r i a t i o n s  o f  d e h y d ro g e n a t io n  p ro c e d u r e ,  and 
some o t h e r  r e a g e n t s  were t r i e d  ( s e e  E x p e r im e n ta l ) ,  b u t  t h e  
y i e l d  o f  b e n z t r o p o lo n e  c o u ld  n o t  b e  i n o r e a s e d  beyong, 1 0 -1 5 $ .
I n  an a t t e m p t  to  p r e p a r e  b e n z s u b e ra n d io n e  by  an  un-
102e q u iv o o a l  r o u t e ,  i s o n i t r o s o b e n z s u b e r o n e  (B orsohe  and  R oth  )
was h y d r o ly s e d  i n  th e  u s u a l  way w i th  f o r m a l i n  and HG1 , b u t
i n s t e a d  o f  t h e  e x p e c te d  d i k e t o n e  a  o r y s t a l l i n e  compound m . p .84- 
o85 was o b t a i n e d .  T h is  a n a ly s e s  i n  ag reem en t w i th  th e  
fo r m u la  013% 4O4 ( = 9 i J i o 0a * SCHgQ), b u t  so f a r  no f t r u o i a r e  
h a s  b e e n  a s s ig n e d  to  i t .
I n  t h e  l i g h t  o f  th e  e x p e r i e n c e  g a in e d  w i t h  b e n z ­
t r o p o lo n e ,  e x p e r im e n ts  were now renewed w i th  su b e ra n d io n e  
X X V III. By a n a lo g y  w i t h  t h e  s im p le  t r o p o lo n e s  from  p u rp u ro -  
g a l l i n ,  i t  was e x p e c te d  t h a t  t r o p o lo n e  i t s e l f  w ould  be  h i g h l y  
w a t e r - s o l u b l e  and  i t s  i s o l a t i o n  t h e r e f o r e  more d i f f i c u l t  th a n  
t h a t  o f  b e n z t r o p o lo n e .  D i r e c t  d e h y d ro g e n a t io n  o f  s a b e r a n ­
d io n e  w i th  p a l la d iu m  c h a r c o a l  gave gummy a l k a l i - s o l u b l e  p r o ­
d u c t s  w hich  gave a  g re e n -b ro w n  f e r r i c  c h l o r i d e  t e s t  b u t  c o u ld  
n o t  be  p u r i f i e d .  H e a t in g  w i th  2 m o ls .  b rom ine  i n  a c e t i c  a c id ,  
f o l lo w e d  b y  p o u r in g  i n t o  a l k a l i  gave a monobromo compound 
m .p .  102-105°  w hich  a n a ly s e d  more c l o s e l y  i n  a c c o rd a n c e  w i th  
a  bromo t r o p o lo n e  th a n  a  bromo sub e r a n d io n e .  T h is  compound 
h a d  no c a r b o n y l  r e a o t i v i t y  and gave a  s t r i k i n g  deep g re e n  
f e r r i o  c h l o r i d e  t e s t .  A lthough  i t  gave  no marked e f f e r v e s c e n c e  
w i th  b i c a r b o n a t e ,  i t  im p a r te d  a y e l lo w  c o lo u r  t o  t h e  s o l u t i o n  
and was r e a d i l y  s o l u b l e  i n  c o ld  c a u s t i c  so d a  o r  o o n c . HG1.
H y d ro g e n a t io n  o f  t h i s  bromo compound w i th  p a l l a d i s e d  
s t r o n t iu m  c a r b o n a te  gave a new compound m .p .  c a  73 -7 5°  w hich  
h a d  t r o p o l o n e - l i k e  p r o p e r t i e s ,  i n c l u d i n g  s o l u b i l i t y  i n  b i ­
c a r b o n a t e  w i t h  e f f e r v e s c e n c e ,  b u t  s t i l l  gave  a  t e s t  f o r  
h a lo g e n .  The p o s s i b i l i t y  o f  t j i i s  l a t t e r  b e in g  due to  
i m p u r i t y  how ever, c a n n o t  be e n t i r e l y  r u l e d  o u t  a s  t h e  q u a n t i t y  
o b t a in e d  was v e ry  s m a ll  and t h e  oompound d i f f i c u l t  to  p u r i f y  
owing to  i t s  e x t r e m e ly  g r e a t  s o l u b i l i t y  i n  w a te r  and a l c o h o l s ,  
and  a lm o s t  co m p le te  i n s o l u b i l i t y  i n  o t h e r  s o l v e n t s .
S u f f i c i e n t  o f  th e  m a t e r i a l  f o r  f u r t h e r  i n v e s t i g a t i o n  
was n o t  o b t a i n e d .
P r o p e r t i e s .
T here  a r e  s e v e r a l  o b s t a c l e s  i n  t h e  v/ay o f  a t t e m p t in g  
a  d i r e c t  c o m p a r iso n  o f  t h e  compounds d i s c u s s e d ,  i n  o r d e r  to  
draw g e n e r a l  c o n c lu s io n s  abou t t h e  p r o p e r t i e s  o f  th e  t r o ­
p o lo n e  g r o u p in g .  I n  t h e  f i r s t  p l a c e ,  s t i p i t a t i o  a c id  i s  
i n  a  c l a s s  by  i t s e l f  as i t  i s  r e a l l y  t h e  d i - e n o l  form  o f  a  
t r i - k e t o n e  ( XXXV)  and th u s  h a s  t h e  fo rm a l  s t r u c t u r e  b o th  o f  
an 0̂ - d ik e to n e  and a |3 - d i k e t o n e ,  a s  w e l l  as  h a v in g  a 
o a rb o x y l  g ro u p .  P u r p u r o g a l l i n  h a s  t h r e e  p h e n o l ic  h y d r o x y ls  
w h ich  w i l l  i n f l u e n c e  i t s  p r o p e r t i e s  c o n s i d e r a b ly ,  and i n  any 
c a s e ,  even t h e  s im p le  u n s u b s t i t u t e d  b e n z t r o p o lo n e  o a n n o t  b e  
o o n s id e r e d  f u l l y  r e p r e s e n t a t i v e ,  as  th e  b enzene  r i n g  m ust 
r e s t r i c t  t h e  r e s o n a n c e  be tw een  th e  two e n o lo n e  fo rm s ( X X X  and 
X X X I V ) , t h e  secon d  b e in g  much l e s s  s t a b l e ,  so t h a t  i t  may n o t  
b e  p o s s i b l e  f o r  i n s t a n c e  t o  o b t a i n  d e r i v a t i v e s  o f  t h i s  second  
s t r u c t u r e .
XXX X X X I V XXXV
However t h e r e  a r e  some g e n e r a l  c o n c lu s io n s  w hioh can  
b e  d raw n . The t r o p o lo n e s  show no o a rb o n y l  r e a c t i v i t y .
They a re  re m a rk a b ly  s t a b l e  to  a c id s  and a l k a l i s ,  much h i g h e r  
t e m p e r a tu r e s  b e in g  r e q u i r e d  to  p ro duce  t h e  b e n z i l i c  a c i d  
ohange th a n  i s  t h e  o a se  w i th  o ^ - d ik e to n e s ; and brom ine 
a p p e a r s  to  form  s u b s t i t u t i o n  r a t h e r  th a n  a d d i t i o n  compounds. 
A l l  t h o s e  t e s t e d  g iv e  g re e n  c h lo ro fo rm  s o l u b l e  c o p p e r  com­
p l e x e s ,  a  b e h a v io u r  c h a r a c t e r i s t i c  o f  ^  - d i k e t o n e s ,  b u t  n o t ,  
a p p a r e n t l y ,  o f  < < -d ik e to n e s . They a l l  g iv e  s t r i k i n g  f e r r i o  
t e s t s ,  Y/hich i n  t h e  o a se  o f  t h e  s im p le  m ono cy c lic  t r o p o lo n e s ,  
a re  b r i g h t  g r e e n ,  w h i l e  b e n z t r o p o lo n e  and t h e  v a r i o u s  p u r ­
p u r o g a l l i n  d e r i v a t i v e s  a re  re d  o r  re d -b ro w n .  I n  a l k a l i n e  
s o l u t i o n  t h e y  g iv e  an i n t e n s e  y e l lo w - g r e e n  c o lo u r ,  b u t  th e  
d e g re e  o f  a c i d i t y  v a r i e s  ev en  betw een such  o l o s e l y  r e l a t e d  
compounds as  t h e  t h u j a p l i c i n s  and th e  m e th y l  t r o p o lo n e  from  
p u r p u r o g a l l i n .  Thus t h e  l a t t e r  w i l l  l i b e r a t e  C02 from  
c a r b o n a t e s ,  w h i le  t h e  t h u j a p l i c i n s  w i l l  n o t ;  a l s o  o ^ - th u ja -  
p l i c i n  i s  a p p a r e n t l y  l e s s  a c i d i c  t h a n  (3 -  o r  I f - ,  a s  i t  i s  
p r e c i p i t a t e d  f i r s t  from  a l k a l i n e  s o l u t i o n .  B e n z t ro p o lo n e  
a l s o  i s  i n s o l u b l e  i n  c a r b o n a t e .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  d ik e to h y d r in d a n e  
, w hich i s  t h e  n e x t  lo w e r  hom ologue o f  b e n z ­
t r o p o l o n e ,  b e h a v e s  a s  a  no rm al o ( ,-d ik e to n e ,
g iv in g  t h e  u s u a l  c a rb o n y l  d e r i v a t i v e s ,  i n c l u d i n g  a  q u in o x a l in e
103w i t h  £  p h e n y le n e  d iam ine  . T h is  may p o s s i b l y  be due to  
t h e  g r e a t e r  d i s t a n c e  b e tw ee n  th e  oxygen a to m s.
The p r o p e r t i e s  o f  t h e  t r o p o lo n e s  show a  s t r o n g  
r e se m b la n c e  to  th o s e  o f  c o l c h i c e i n e  w hich  g i v e s  an  o l i v e  
g re e n  f e r r i o  t e s t ,  l i b e r a t e s  GO from  c a r b o n a t e s ,  fo rm s a 
o h lo ro fo rm  s o l u b l e  co p p er  s a l t  and on r e d u c t i o n  g i v e s  a  
k e to n i c  t e t r a h y d r o  compound; b u t  t h e s e  a r e  o n ly  u s e f u l  
p o i n t e r s  and th e  problem  o f  r i n g  0 o f  c o l c h i c i n e  m ust aw a it  
f u r t h e r  d e g r a d a t i o n  e x p e r im e n t s .
Bxp e r  im en t a l »
3 ;4 - B e n z s u b e r a n - l  : 2 - d io n e  x x t x .
A s o l u t i o n  o f  s e le n iu m  d io x id e  (Z .5  g . )  i n  a l c o h o l  
(35 ml*) was added i n  p o r t i o n s  to b e n zsu b e ro n e  (5  g . )  o v e r  
l j -  h o u r s  a t  t h e  b o i l i n g  p o i n t ,  and r e f l u x i n g  was c o n t in u e d  
f o r  a  t o t a l  o f  4 h o u r s .  The p r e c i p i t a t e d  se le n iu m  was t h e n  
f i l t e r e d  o f f ,  t h e  a l c o h o l  e v a p o r a te d  and th e  r e s i d u e  d i s ­
t i l l e d  i n to  two f r a c t i o n s
(1 ) B*p* 8 0 - 1 1 0 ° / 0 .4  mm., m o b i le ,  p a l e  y e l lo w  (0*19 g*)
(2 )  b . p . 1 2 8 - 1 3 2 ° / 0 .4  mm., more v i s c o u s ,  deep  y e l lo w
(4*42 g .  ■ 81 $) .
The l a t t e r  gave a  mono-a : 4 - d i n i t r o p h e n y l h y d r a z o n e , 
m .p .  2 3 0 -2 3 2 ° ,  (bounds C, 5 7 .5 3 ,  H, 3 .9 5 ,  ff, 1 5 .7 8 $ ;  
G17H14 C>5^4 re(l a i r e s  G» 5 7 .6 3 ,  H, 3 .9 6 ,  ff, 1 5 .8 2 $ ) ,  and a  se m i- 
o a rb a z o n e  m .p .  1 9 0 -1 9 2 ° .  C o n v e rs io n  o f  t h e  e n t i r e  d i s t i l l a t e  
from  o t h e r  o x i d a t i o n s  t o  t h e  s e m ic a rb a z o n e , and  f r a c t i o n a l  
c r y s t a l l i s a t i o n  o f  t h i s  from  e t h y l  a c e t a t e  showed t h a t ,  a p a r t  
f ro m  a  s m a l l  amount o f  unchanged  b e n z su b e ro n e ,  t h e  p ro d u c t  i s  
hom ogeneous. S u b l im a t io n  i n  v a s . o f  th e  r e s i d u e s  from  t h e  
d i s t i l l a t i o n  gave  y e l lo w  c r y s t a l s  m .p .  123-125° a f t e r  r e -  
o r y s t a l l i s a t i o n  from o y c lo h e x a n e .
B e n z su b e ra n d io n e  c o u p le s  w i th  jj t o l y l  d iazo n iu m  
o h l o r i d e  i n  a l k a l i n e  s o l u t i o n  to  g iv e  a  r e d  p r e c i p i t a t e .  I t
c o u ld  n o t  b e  co n d en se d  w i th  £  p h e n y le n e d ia m in e  i n  a l c o h o l /  
p y r i d i n e .
O x id a t io n  o f  b e n z su b e ra n d io n e  w i th  a l k a l i n e  h y d ro g en  p e r o x id e .
B e n z su b e ra n d io n e  (113 m g.) was su sp en d ed  i n  w a te r  
(1  m l . )  and  30$ added (1  m l . ) .  On th e  a d d i t i o n  o f
d i l u t e  laOH s o l u t i o n  (2  m l . )  a  v ig o r o u s  r e a c t i o n  s e t  i n .
A f t e r  s t a n d i n g  2 days  i n  t h e  c o l d  t h i s  was e x t r a c t e d  w i th  
e t h e r  t o  remove u n d i s s o lv e d  m a t e r i a l ,  and t h e n  a c i d i f i e d .
T h is  gave  a  s o l i d  a c i d  (92 mg. -  70$) which was r e c r y s t a l l i s e d  
from  w a te r  and th e n  b e n z e n e /p e t r o le u m  g iv in g  f i n e  w h i te  
n e e d l e s  m .p .  1 3 8 -1 3 9 ° .  ( Poundi 0 ,  6 4 .0 7 ,  H, 6 . 28$ ;
G11E12G4 r e q u i r e s  G, 6 3 .4 5 ,  H, 5 .8 1 $ ) .
T h is  was i d e n t i c a l  w i t h  t h e  a c i d  o b t a in e d  by o x i d i s ­
in g  b e n z s u b e ro n e  w i th  2| $  HBOg, m ixed m .p . 134-136°  ( l i t .
¥  - 2  o a rb o x y p h e n y lb t t ty r ic  a o id ,  m .p .  1 3 8 - 1 3 9 ° ) .
D e h y d ro g e n a t io n  o f  b e n z s u b e ra n d io n e  - 3 ;4 -b  enz t r o p o lo n e  %2GC.
B e n z su b e ra n d io n e  ( 3 .2  g . )  was r e f l u x e d  8 h o u r s  u n d er
n i t r o g e n  w i th  10$ p a l l a d iu m  c h a r c o a l  (2  g . )  i n  l : 2 i 4 - t r i -
/ oo h lo ro b e n z e n e  (20 m l . ,  b . p .  213 ) .  The c a t a l y s t  was now
f i l t e r e d  o f f ,  and th e  s o l u t i o n  washed w i th  sodium  b i c a r b o n a t e
s o l u t i o n  which rem oved 115 mg. o f  a c i d  m .p .  136-1 38°  a f t e r
c r y s t a l l i s a t i o n  from  p e tro le u m  ( 8 0 - 1 0 0 ° ) ;  a  h i g h e r  m e l t in g
oompound m .p .  182-185°  was a l s o  o b t a i n e d  by  t r i t u r a t i o n  o f
t h e  o ru d e  a c i d  w i t h  e t h e r .  The t r i c h l o r o b e n z e n e  s o l u t i o n
was n e x t  w ashed  w i t h  10$ KOH s o l u t i o n ,  and an  i n s o l u b l e
c r y s t a l l i n e  p r e c i p i t a t e  f i l t e r e d  o f f .  f h i s  was r e -  
o r y s t a l l i s e d  from  g l a c i a l  a c e t i c  a c id  and form ed p a le  y e l lo w  
p r ism s  m .p .  270-271° which gav e  a  b r i g h t  o ran g e  c o lo u r  w i th  
c o n c .  HgSO^, b u t  no f e r r i c  o h l o r i d e  c o l o u r a t i o n .
(Pound* 0, 8 0 .4 9 ,  H, 5 .0 7 $ ;  G22H16^3 r e q u i r e s  C, 8 0 .4 7 ,
H, 4 . 9 1 $ ) .  I n  o t h e r  e x p e r im e n ts  t h i s  s u b s ta n c e  o c c a s i o n a l l y  
c r y s t a l l i s e d  from  t h e  r e a c t i o n  m ix t u r e .
fh e  b r i g h t  y e l lo w  KGS s o l u t i o n  was now a c i d i f i e d  and 
e x t r a c t e d  w i th  e t h e r ,  t h e  e x t r a c t  e v a p o ra te d  and th e  gummy 
r e s i d u e  e x t r a c t e d  w i th  b o i l i n g  c y c lo h e x a n e . E v a p o r a t io n  o f  
t h e  l a t t e r  e x t r a c t s  t o  c r y s t a l l i s i n g  p o i n t  gave c ru d e  b e n z - 
t r o p o lo n e  (500 m g.) w hich  was r e c r y s t a l l i s e d  from a q .  m eth an o l 
o r  c y c lo h exane fo rm ing  p a le  y e l lo w  n e e d le s  m .p .  8 5 - 8 6 ° .
( bounds C, 7 6 .3 3 ,  7 7 .0 1 ;  H, 4 .7 1 ,  4 .5 6 $ ,  M ( E a s t )  186; 
°11E802 r e q u i r e s  G, 7 6 .7 3 ,  H, 4 .6 8 $ ,  M, 1 7 2 ) .  W ith  Pd i n  
g l a o i a l  a c e t i c  a c i d  3 .2 2 0  mg. a b s o rb e d  1 .4 2 0  ml H ^/766 mm./
22° = 3 .1 3  d . b .  W ith  PtQg 3 .3 2 0  mg. a b so rb e d  3 .4 0 0  m l.
H2/7 6 6  mm • /2 S °  = 7*3 d . b .
T h e  u se  o f  m e s i t y l e n e  a s  s o l v e n t  i n s t e a d  o f  t r i c h l o r o -  
benzene  l e d  to  a  gummy p r o d u c t ,  more d i f f i o u l t  t o  p u r i f y .
B e n z t ro p o lo n e  g i v e s  a  b l o o d - r e d  c o l o u r a t i o n  w i th  
PeGlg i n  m e th a n o l ,  o o u p le s  w i th  £ - t o l y l  d iazo n iu m  c h l o r i d e  t o  
H ive a  c r im so n  p r e c i p i t a t e ,  and d i s s o l v e s  i n  c o n c .  HC1 to  a  
b r i g h t  y e l lo w  s o l u t i o n ,  w hich  i s  d e c o l o u r i s e d  on d i l u t i o n
w ith  r e g e n e r a t i o n  o f  t h e  o r i g i n a l  s u b s ta n o e .  I t  was r e ­
c o v e re d  l a r g e l y  unchanged a f t e r  h e a t in g  on  t h e  w a te r  b a th  
f o r  l j  h o u r s  w i th  e x o ess  h y d ro x y lam in e  h y d r o c h l o r i d e  i n  KGH, 
and d id  n o t  r e a c t  w i t h  2 j 4 - d i n i t r o p h e n y l h y d r a z i n e  i n  
MeOH/HgSO^ o r  a q .  HC1, o r  w i th  s e m ic a rb a z id e  h y d r o c h lo r id e  
i n  a q .  a l e o h o l / p y r i d i n e .
A o e t y l a t i o n  o f  b e n z t r o p o lo n e .
B e n z t ro p o lo n e  (50 mg.) was d i s s o l v e d  i n  a c e t i c  an­
h y d r id e  (1  m l . )  and a  t r a c e  o f  p y r i d in e  a d d ed . The s o l u t i o n  
was a l lo w e d  to  s t a n d  2 days i n  th e  c o ld  and th e n  r e f l u x e d  
h o u r s .  The a c e t i o  a n h y d r id e  was decomposed w i th  w a te r  
and th e  p ro d u c t  e x t r a c t e d  w i th  e t h e r .  A f t e r  e v a p o r a t i o n  o f  
th e  e t h e r  a::gam rem a in ed  w hich  c o u ld  n o t  b e  c r y s t a l l i s e d .
T h is  gave  no f e r r i o  c h l o r i d e  o o l o u r a t i o n .  On s h a k in g  w i th  
o o ld  d i l u t e  laQE i t  d i s s o l v e d  f a i r l y  r a p i d l y  to  a  y e l lo w  
s o l u t i o n  w hich  was e x t r a c t e d  w i th  e t h e r  and th e n  a o i d i f i e d ,  
when b e n z t r o p o lo n e  m .p .  8 3 -8 5°  was p r e c i p i t a t e d  and gave t h e  
c h a r a c t e r i s t i c  b l o o d - r e d  f e r r i c  o h l o r i d e  t e s t .
P opper b e n z t r o p o lo n e .
A c h lo ro fo rm  s o l u t i o n  o f  b e n z t r o p o lo n e  was sh ak en  w ith  
a q .  c o p p e r  a c e t a t e  s o l u t i o n .  The o rg a n ic  l a y e r  t u r n e d  y e l lo w -  
g re e n  and a s o l i d  was d e p o s i t e d  and f i l t e r e d  o f f .  R e c r y s t a l l i  
t i o n  from  c h lo ro fo rm  gave o l i v e  g r e e n  n e e d le s  m .p .  249-250° 
dec omp •
T h is  oompound (19 mg.) was su sp en d e d  i n  e t h e r  and
sh ak en  w i th  d i l .  HOI t i l l  no s o l i d  re m a in e d .  E v a p o r a t io n
o f  t h e  e t h e r  th e n  gave b e n z t r o p o lo n e  (13  mg.) m .p .  8 2 -8 4 ° .
Jh ig ion  o f  b e n z t r o p o lo n e  w i th  p o t a s h : -  a ^ - n a p h th o io  a c i d .
B e n z t ro p o lo n e  (26  m g.) was m ixed v / i th  80$ a q .  KQH
(1  m l . )  . I t  d id  n o t  d i s s o l v e  b u t  an  o ran g e  s a l t  was e v i ­
d e n t l y  fo rm ed , and i t s  a p p e a ra n c e  d i d  n o t  a l t e r  on h e a t i n g  
u n t i l  1 8 0 ° .  A f t e r  a  few  m in u te s  a t  t h i s  t e m p e r a tu r e ,  t h e  
s a l t  d i s s o l v e d  to  an  o ran g e  s o l u t i o n  w hich  g r a d u a l l y  became 
c o l o u r l e s s ,  w i th  a  s m a l l  amount o f  brown t a r  re m a in in g  u n d i s ­
s o l v e d .  A f t e r  ab ou t i  h o u r  a t  180-185° no f u r t h e r  change 
was o b s e rv e d  and  h e a t i n g  was s to p p e d .  The m e l t  was now 
o o o le d ,  d i s s o l v e d  i n  w a te r  and e x t r a c t e d  w i t h  e t h e r  (w hioh 
rem a in e d  c o l o u r l e s s )  and th e n  a c i d i f i e d .  T h is  gave  a  
vo lum inous p r e o i p i t a t e  o f  oC - n a p h th o ic  a o id  ( a b o u t  20  m g.) 
w hich  was r e o r y s t a l l i s e d  from a q .  a l c o h o l  ( c h a r c o a l )  m .p .  156- 
1 6 0 ° ,  m ixed w i th  a u th e n t i o  - n a p h th o ic  a c id  (m .p .  160-16 2°)  
m .p .  1 5 9 -1 6 1 ° .
As a  o o n t r o l  e x p e r im e n t ,  b e n z u b e ra n d io n e  (210 mg.) 
was h e a t e d  w i th  KQH (300  m g.) i n  w a te r  ( 0 .6  m l . )  on th e  w a te r  
b a t h  f o r  40 m in u t e s .  Only t a r r y  p r o d u c t s  w ere  o b ta in e d  from  
whioh no o r y s t a l l i n e  m a t e r i a l  c o u ld  be  i s o l a t e d .
He f l u x i n g  b e n z t r o p o lo n e  i n  2% m e tb a n o l ic  KOH f o r  
4-|- h o u rs  was w i th o u t  e f f e c t ,  t h e  s t a r t i n g  m a t e r i a l  b e in g  
r e c o v e r e d  u nchanged .
H y d ro g e n a t io n  o f  b e n z t r o p o lo n e  w i th  3 s 4 -b e n z s u b e ra n -
1 t 2 - d i o l  XXXTI.
B e n z tro p o lo n e  (50 m g.) was h y d ro g e n a te d  a t  room tem ­
p e r a t u r e  and p r e s s u r e  o v e r  Adams1 PtO^ o a t a l y s t  (5  m g.) i n  
e th a n o l  (20  m l# ) .  3 m o ls .  H^ w ere a b s o rb e d .  The s o l u t i o n
was f i l t e r e d  from  p la t in u m  and th e  a l c o h o l  e v a p o r a te d ,  g iv in g  
an o ran g e  s o l i d  s p a r i n g l y  s o l u b l e  i n  e t h e r .  T r i t u r a t i o n  
w i th  o y o lo h exane  gave a  y e l l o w i s h  s o l i d  (40  m g.) m .p .  1 1 2 -1 2 2 ° .  
T h is  was c r y s t a l l i s e d  from  p e t ro le u m  and t h e n  w a te r  g iv in g  
w h i te  p r i s m s , m .p .  1 1 0 -1 2 3 ° .  R ep ea ted  c r y s t a l l i s a t i o n  d id  
n o t  im prove t h i s  m e l t in g  p o i n t  tho u g h  lo n g  n e e d l e s  w ere  l a t e r  
o b ta in e d  from  t h e  m o th e r  l i q u o r s  m .p .  1 3 3 -1 3 8 ° .
(Pounds C, 7 4 .3 2 ,  H, 7 .8 6 $ ;  GH S14°2  r e q u i r e s  C, 7 4 .1 3 ,
H, 7 . 9 2 $ ) .  The oompound gave a  p a le  y e l lo w  g r e e n  c o lo u r  w i t h  
p o ta s s iu m  t e t r a m e t h y l  o sm ate  s o l u t i o n .
O x id a t io n  o f  b e n z a u b e r a n d io l  w i th  h y p o b ro m ite .
KQBr s o l u t i o n  was p r e p a r e d  by  a d d in g  b rom ine  ( 0 .6  m l . )  
to  25$ a q .  KOH (10  m l . ) .  The cLiol (4  m g.) was a l lo w e d  t o  
s t a n d  S c o u r s  w i th  t h i s  s o l u t i o n  ( 0 . 2  m l . ) .  As t h e  m a t e r i a l
d id  n o t  d i s s o l v e ,  t h e  m ix tu r e  was warmed u n t i l  a  s o l u t i o n  was 
o b ta in e d  and a  f u r t h e r  0 .2  m l .  KGBr s o l u t i o n  a d d ed . A f t e r  
s t a n d in g  a  few d a y s  t h e  y e l lo w  s o l u t i o n  was e x t r a c t e d  w i th  
e t h e r  and t h e  a q .  l a y e r  n e u t r a l i s e d  w i th  HgSOg and H^SO^.
T h is  gave  - 2 - o a r b o x y p h e n y lb u ty r io  a c i d  m .p .  1 3 6 -1 3 7 ° ,  
m ixed w i th  a c i d  from o x i d a t i o n  o f  b e n z su b e ra n d io n e  m .p .  136-138°  
A lk a l in e  h y d ro g e n  p e ro x id e  was found  to  be w i th o u t  
a o t i o n  on t h e  d i o l .
O x id a t io n  o f  b e n z s u b e r a n d io l  w i th  p e r i o d i c  a c i d .
The d i o l  (7 m g.) was d i s s o l v e d  i n  w a te r  (1  m l . )  and a 
s o l u t i o n  o f  KIO (lOmg. = 1 .1  e q u i v a l e n t s )  i n  w a te r  (1  m l . )
f t
c o n t a i n i n g  a  few d ro p s  o f  d i l u t e  ad d ed . On s t a n d in g
i n  th e  c o ld  f o r  1 h o u r  a  f a i n t  c l o u d i n e s s  h a d  a p p e a re d  w hich
was removed by  s h a k in g  w i th  e t h e r .  SrC0_ was now added to3
p r e o i p i t a t e  t h e  HgSO^ and  HIO^. The s u s p e n s io n  was e x t r a c t e d  
s e v e r a l  t im e s  w i th  e t h e r ,  t h e  s o l i d  f i l t e r e d  and b o i l e d  w i th  
m e th a n o l  and t h e s e  o r g a n ic  e x t r a c t s  w ere  t h e n  e v a p o r a te d  
a lm o s t  to  d ry n e s s  and 2 * 4 - d in i t r o p h e n y lh y d r a z in e  ( B r a d y 's  
r e a g e n t )  a d d e d .  A b r i g h t  o ran g e  d in i t r o p h e n y lh y d r a z o n e  was 
p r e c i p i t a t e d  w hioh  d id  n o t  c r y s t a l l i s e  w e l l ,  b u t  was d e p o s i t e d  
from  a q .  a c e t i c  a c i d  a s  a  f l o o c u l e n t  p r e c i p i t a t e  m .p .  2 3 3 ° .
I t  gave  a  deep  r e d  o o lo u r  w i th  a l c o h o l i c  HaOH.
I n  a n o th e r  e x p e r im e n t  t h e  d i o l  (14  mg. m .p .  1 2 0 -1 2 5 ° ,
from  b e n z s u b e ra n d io n e )  was t r e a t e d  v /ith  an aqueous s o l u t i o n
o f  p o ta s s iu m  p e r i o d a t e  (20  mg. = 1 .1  m o l . )  i n  t h e  a b se n c e  o f
a o i d .  A f t e r  s t a n d in g  f o r  2 h o u rs  i n  t h e  c o ld ,  a  s o l u t i o n
o f  s t r o n t iu m  c h lo r i d e  was added , b u t  a s  no p r e c i p i t a t e
r e s u l t e d  th e  r e a c t i o n  was p o u red  i n t o  a s o l u t i o n  c o n t a i n i n g
e x c e s s  s e m ic a rb a z id e  h y d r o c h lo r id e  and p y r i d i n e  in  w a t e r .
^  se m io a rb az o n e  was p r e c i p i t a t e d  and  r e c r y s t a l l i s e d  from  a
s l ' x f  ?l a r g e  volume o f  a l c o h o l  m .p .  200 deoomp. (Eound: 0, 5 3 .0 2 J
6 ** *
H, 6 .14,} N, 6? $ ;  ^13^18^2^6* d is e m ic a rb a z o n e  o f
06H4 (GHO) .(GH2 ) 3 .CH0, r e q u i r e s  0 ,  5 3 .7 8 ,  H, 6 .2 5 ,  E, 2 8 .95 $ )  .
Hydrogenation o f  benzsuberandione.
b e n z s u b e ra n d io n e  (200 m g.) i n  e th a n o l  was h y d ro g e n a te d  
o v e r  P t 0 g - ( 2  m g .) .  C y l in d e r  h y d ro g e n  was u sed  w i th o u t  p u r i f i ­
c a t i o n  ( a s  i n  p r e v io u s  h y d r o g e n a t i o n s ) .  1 m o l.  h y d ro g en  was 
r a p i d l y  a b so rb e d  and a b s o r p t io n  th e n  s lo w e d , b u t  was sp e e d e d  
b y  t h e  a d d i t i o n  o f  a  t r a c e  o f  JLCH u n t i l  2 m o ls .  H2 h a d  b e e n  
t a k e n  u p .  The b u lk  o f  the  KCK was p r e c i p i t a t e d  as  KgCOg 
w i th  C02 and  th e  s o l u t i o n  f i l t e r e d  and e v a p o r a te d ,  and th e  
r e s i d u e  e x t r a c t e d  w i th  e t h e r .  E v a p o r a t io n  o f  th e  s o lv e n t  
gave  a  gum w hich  r e a d i l y  s o l i d i f i e d  and c o u ld  be c r y s t a l l i s e d  
from  h o t  w a te r  m .p .  120-125° ( s o f t e n i n g  1 1 0 ° ) .  Mixed m .p .
w i t h  d i o l  from  b e n z t r o p o lo n e  (c r y s t a l s  from  th e  m o th e r  
l i q u o r s  m .p .  1 3 3 -1 3 8 ° )  m .p .  1 2 5 -1 3 2 ° .
I n  su b s e q u e n t  e x p e r im e n ts ,  h y d ro g en  from  a  g e n e r a t o r ,  
p u r i f i e d  w i th  HgCl^ and KMnO^, was u s e d .  A b s o rp t io n  was 
v e r y  r a p i d  and was s to p p e d  a f t e r  t h e  u p ta k e  o f  2 .5  m o ls .  On 
w o rk in g  up a  s o l i d  m .p .  15 2 -1 5 8 °  was o b t a i n e d .  I f  t h e  h y d ro ­
g e n a t io n  was a llow ed  to  p ro c e e d  to  a  f i n i s h  however (5  m o ls .  
Hg) a  s o l i d  m .p .  136-139 °  was o b t a i n e d .
S i m i l a r  h y d r o g e n a t io n  o f  b e n z t r o p o lo n e  w i th  p u r i f i e d  
h y d ro g en  l e d  t o  t h e  u p ta k e  o f  n e a r l y  7 m o ls .  H^, and th e  
p ro d u c t  was a  s o l i d  m .p .  1 3 5 -1 4 0 ° ,  m ixed w i th  th e  above 
m a t e r i a l  m .p .  1 3 6 -1 3 9 °  from  b e n z s u b e r a n d io n e ,  m .p .  1 2 5 -1 3 3 ° .
H y d ro g e n a t io n  o f  b e n z t r o p o lo n e  w i th  Pd and o x i d a t i o n  o f  th e  
p r o d u c t .
B e n z t ro p o lo n e  (2u  m g.; was h y d ro g e n a te d  i n  e th a n o l
o v e r  10$ p a l la d iu m  c h a r c o a l  (10  m g . ) .  2 m o ls .  h y d ro g en  w ere
r a p i d l y  t a k e n  up and t h e  p r o d u c t ,  a f t e r  f i l t r a t i o n  and e v a p o ra
t i o n  o f  th e  s o l v e n t ,  was a  gum w hioh gave  an  im m ed ia te  p r e c i p i
t a t e  w i th  2 * 4 - d in i t r o p h e n y lh y d r a z in e  i n  a q .  n C l .  T h is  gum
was now a llo w e d  to  s t a n d  o v e r n ig h t  w i th  HaQH/H^Og, and a f t e r
e x t r a c t i o n  o f  u n d i s s o lv e d  m a t e r i a l  w i th  e t h e r ,  t h e  a l k a l i n e
s o l u t i o n  was a c i d i f i e d  and e x t r a c t e d ,  g iv in g  ^ - 2 - o a r b o x y -
o
p h e n y lb u ty r io  a c id  m .p .  135-137  , m ixed  w i t h  p r e v i o u s l y  
o b t a i n e d  m a t e r i a l  m .p .  1 3 4 -1 3 7 ° .
B ro m in a t io n  o f  b e n z s u b e ra n d io n e .
B e n z su b e ra n d io n e  ( 2 .5  g . )  d i s s o l v e d  i n  g l a c i a l  a c e t i c  
a c i d  (20  m l . )  was t r e a t e d  w i th  b rom ine  ( 2 .5  g .  = 1 m o l . )  i n  
g l a c i a l  a c e t i c  a c id  (10  m l . ) . :  R e a c t io n  was r a p i d  a t  f i r s t
and was co m p le ted  by warming g e n t l y  on t h e  w a te r  b a th  f o r  a 
few  m in u te s  t i l l  t h e  c o l o u r  became p a l e  y e l lo w .  W ater was 
th e n  added and a  brown c r y s t a l l i n e  s o l i d  s e p a r a t e d .  T h is  was 
o r y s t a l l i s e d  r e p e a t e d l y  from  c y c l o h exane, g i v in g  p a l e  y e l lo w  
n e e d le s  m .p .  1 4 2 -1 4 4 ° .  (Eound* C, 5 2 .5 4 ,  H, 2 .9 4 ,  B r ,  3 1 .85 $  
Gl l 3 9°2B r re<l i:Lires 5 2 .1 6 ,  h , 3 .5 6 ,  b r ,  31.6o5c; C^HyQgBr 
r e q u i r e s  C, 5 3 .0 4 ,  h , 2 .8 3 ,  B r ,  32.08Jt) .
f u r t h e r  d i l u t i o n  o f  t h e  m o th e r  l i q u o r s  gave  f i r s t  some 
o i l ,  and t h e n  c o l o u r l e s s  f l a k e s  ( 0 .3 4  g . )  w h ich  were r e c r y s t a l ­
l i s e d  from  o y c lo h exane m .p .  9 2 -9 4 ° .  (Eoundj C, 5 2 .1 7 ,  
n ,  3 .5 6 ,  b r ,  3 1 .5 3 > ;  U^H^OgBr r e q u i r e s  0 ,  5 2 .1 6 ,  h ,  3 .5 6 ,  
b r ,  3 1 .6 0 $ ) .  A m ix tu r e  o f  t h e s e  two compounds had  m .p .  86- 
115° deoomp.
I n  o t h e r  b r o m in a t io n  e x p e r im e n ts  a  b y p ro d u c t  was 
o b ta in e d  w h ich  s u b s e q u e n t ly  p rov ed  to  be b e n z t r o p o lo n e .  I t s  
f o r m a t io n  was f a v o u re d  b y  h e a t i n g  t h e  r e a c t i o n  m ix tu r e  f o r  
some t im e ,  t h e  p r e s e n c e  o f  sodium a c e t a t e  a n d /o r  p o u r in g  th e  
r e a c t i o n  m ix tu r e  i n t o  a l k a l i ,  i n  w hich  o a s e  an a l k a l i  s a l t  o f  
t h e  h i g h e r  m e l t in g  bromo-compound was u s u a l l y  p r e c i p i t a t e d  
and t h e  t r o p o lo n e  was r e c o v e re d  from  t h e  a l k a l i n e  s o l u t i o n .
The lo w e r  m e l t in g  bromo compound was n o t  u s u a l l y  fo rm ed  i n  
t h i s  c a s e  .
The h i g h e r  m e l t in g  bromo compound g i v e s  a  b ro w n - re d  
c o lo u r  w i th  f e r r i c  c h l o r i d e ,  s i m i l a r  to  t h a t  o f  b e n z t r o p o lo n e ,  
w h i l e  t h e  lo w e r  m e l t in g  compound g iv e s  a  y e l lo w i s h  brown 
c o l o u r .  The l a t t e r  g iv e s  a  y e l lo w  p r e c i p i t a t e  on  warming w ith  
2 s 4 - d i n i t r o p h e n y lh y d r a z i n e  i n  a q .  HC1, w h i th  t h e  fo rm e r  does n o t .
A ttem p ted  d e b ro m in a t io n s  o f  bromobenz s a b e r  and! one m .p .  9 2 - 9 4 ° .
H e a t in g  t h e  bromo compound w i th  p y r i d i n e  o r  q u i n o l i n e  
on t h e  w a te r  b a t h  or a t  th e  b o i l i n g  p o i n t  f o r  p e r i o d s  o f  1 -2  
h o u r s  gave  o n ly  t a r r y  p r o d u c t s ,  som etim es w i th  a  p h e n o l ic  
s m e l l ,  from w hich  no c r y s t a l l i n e  m a t e r i a l  c o u ld  be e x t r a c t e d .
The bromo compound (2,00 m g.) was h e a t e d  w ith  a  20$ 
s o l u t i o n  o f  d im e th y la m in e  i n  b enzen e  (10  m l . )  i n  a  s e a l e d  
tu b e ,  t h e  t e m p e ra tu re  b e in g  r a i s e d  to  85° and th e n  im m e d ia te ly  
a l lo w e d  t o  c o o l .  On e v a p o r a t i o n  o f  t h e  re d -b ro w n  s o l u t i o n ,  
w h i te  c r y s t a l s  m ixed w i t h  gum w ere  o b t a i n e d .  These were 
e x t r a c t e d  w i th  w a te r  and d i l u t e  HgSO^, t h e  s o l u t i o n  washed 
w i t h  c h lo ro f o rm ,  n e u t r a l i s e d  w i th  s o l i d  HaHCOg and e x t r a c t e d  
w i t h  c h lo ro f o rm .  E v a p o r a t io n  o f  th e  s o l v e n t  l e f t  a  d a rk  
r e s i d u e  w hich  was t r e a t e d  w i t h  m e th y l  i o d i d e  i n  CHClg/benzene 
s o l u t i o n .  A f t e r  s t a n d in g  f o r  1 h o u r  th e  s o l v e n t s  and e x c e s s  
Mel w ere  e v a p o r a te d  and t h e  d ry  r e s i d u e  shaken  w i th  f r e s h l y
p r e c i p i t a t e d  s o l v e r  ox id e  i n  aq* e t h a n o l .  The s o l u t i o n  was 
th e n  f i l t e r e d  and e v a p o ra te d  and  th e  d a rk  r e s i d u e  d i s t i l l e d  
g iv in g  a  sm a ll  amount o f  brown gum b . p .  1 0 0 ° / 0 .2  mm. whioh 
c o u ld  n o t  be  c r y s t a l l i s e d .
A ttem p ted  deb n o m in a t io n s  o f  t h e  h i g h e r  m e l t in g  bromo compound 
(m .p .  1 4 2 - 1 4 4 ° j .
The h i g h e r  m e l t in g  bromo compound was r e f l u x e d  w i th  
p y r i d i n e  f o r  p e r i o d s  up t o  10 h o u r s ,  and h e a te d  6 h o u r s  a t  
140° w i t h  q u i n o l i n e .  P a r t  o f  th e  m a t e r i a l  was u s u a l l y  r e ­
c o v e re d  unchanged from  th e  t r e a t m e n t s  and t h e  re m a in d e r  con­
v e r t e d  to  t a r s  from  w h ich  no i d e n t i f i a b l e  p r o d u c t  o o u ld  b e  
o b t a i n e d .
num erous a t t e m p t s  w ere  made to  condense  t h e  compound 
w i th  d im e th y l  amine by  h e a t i n g  w i t h  aqueous o r  b en zen e  
s o l u t i o n s  o f  th e  am ine, b u t  a t  w a te r  b a th  t e m p e r a tu r e  th e  
s t a r t i n g  m a t e r i a l  was r e c o v e r e d  unchanged , w h i le  a t  h i g h e r  
t e m p e r a tu r e s  (up to  1 4 5 ° ) ,  some o f  t h e  m a t e r i a l  decomposed 
and th e  p r o d u c t s  o o u ld  n o t  be i d e n t i f i e d .
C o n d e n sa t io n  w i th  t r i m e t h y l  amine i n  c h lo ro b e n z e n e  a t  
100° (9 h o u r s )  was a l s o  a t t e m p te d ,  b u t  t h e  s t a r t i n g  m a t e r i a l
was r e c o v e r e d .
The bromo compound (100 mg.) was d i s s o l v e d  i n  g l a c i a l  
a c e t i c  a c id  (5  m l . )  c o n ta in i n g  sodium a c e t a t e  (170 m g .) ,  t h e  
a i r  r e p l a c e d  by  n i t r o g e n  and 2 j 4 - d i n i t r o p h e n y l h y d r a z i n e
10 5 .
(100 m g.j i n  g l a c i a l  a c e t i c  a c id  (5  m l . )  added ( o f .  M a tto x  
98and K e n d a l l  ) . The s o l u t i o n  was t h e n  a l lo w e d  to  s t a n d  
1-J- h o u r s  w i th  n i t r o g e n  p a s s in g  th r o u g h .  On d i l u t i o n  w i th  
w a te r  t h e  bromo compound was p r e c i im i ta te d  unchanged .
The compound was a l s o  r e c o v e r e d  unchanged a f t e r  
h e a t i n g  w i th  sodium a c e t a t e  i n  a c e t i c  a c i d .
h y d r o g e n a t io n  o f  bromo compound m .p .  1 4 2 -1 4 4 ° .
The bromo compound (100 m g.) was d i s s o l v e d  i n  m ethano l 
c o n t a i n i n g  1 m o l.  KOH, and h y d ro g e n a te d  o v e r  10$ p a l la d iu m  
c h a r c o a l .  A f t e r  t h e  u p ta k e  o f  1 m o l.  h 2 th e  a b s o r p t io n  
slow ed down. The c a t a l y s t  was th e n  f i l t e r e d  o f f ,  a  few d ro p s  
a c e t i c  a c i d  added and t h e  s o lv e n t  e v a p o r a t e d .  The r e s i d u e  
was c r y s t a l l i s e d  from a q .  a c e t i c  a c id  and gav e  f i r s t  some 
c r y s t a l s  o f  im pure s t a r t i n g  m a t e r i a l  m .p .  1 2 5 -1 3 0 ° .  f u r t h e r  
d i l u t i o n  o f  t h e  m o th e r  l i q u o r s  t h e n  gave  b e n z t r o p o lo n e  
m .p . 8 1 -8 2 ° ,  m ixed  w i th  a u t h e n t i c  m a t e r i a l  m .p .  8 2 -8 5 ° .
b r o m in a t io n  o f  b e n g t r o p o lo n e .
b e n z t r o p o lo n e  (100  m g.) i n  g l a c i a l  a c e t i c  a c id  (1  m l . )  
was t r e a t e d  w i th  b rom ine  i n  a c e t i c  a c i d  (30$ s o l u t i o n ,
0 .3 1  m l .  5 1 m o l . ) .  The b rom ine  was r a p i d l y  d e c o l o u r i s e d  
w i th  e v o l u t i o n  o f  nB r, and th e  s o l u t i o n  was warmed g e n t l y  and 
a l lo w e d  to  s t a n d  f o r  a  few m in u t e s .  W ater was t h e n  added 
and t h e  c r y s t a l l i n e  p r e c i p i t a t e  f i l t e r e d  and r e - c r y s t a l l i s e d
tw ic e  from  c y c l o h exane m .p .  1 4 3 -1 4 5 ° ,  m ixed w i t h  t h e  h ig h  
m e l t in g  compound from t h e  b r o m in a t io n  o f  benzsub  e ra n d io n e  
(m .p . 1 4 2 -1 4 4 ° ) ,  m .p .  1 4 0 -1 4 5 ° .  f u r t h e r  d i l u t i o n  o f  th e  
m o th e r  l i q u o r s  gave a  se co n d  o ro p  m .p . 9 ^ -1 0 0 °  ( c r u d e ) .
T re a tm e n t  o f  t h e  bromo compound m .p .  142*-144° w i th  KQH.
The bromo compound (50  m g.) was d i s s o l v e d  i n  10$
KGB (10  m l . )  and t h e  s o l u t i o n  h e a t e d  on t h e  w a te r  b a th  l £  
h o u r s .  I t  was t h e n  f i l t e r e d  to  remove some g e l a t i n o u s  
p r e c i p i t a t e ,  c o o le d  and a c i d i f i e d  g iv in g  c r y s t a l s  o f  th e  s t a r t ­
i n g  m a t e r i a l  (18 mg.) m .p .  1 4 3 -1 ^ 5 ° .
O th e r  a t t e m p t s t o  d e h y d ro g e n a te  b e n z s u b e r a n d io n e .
The d i  b e t  one was r e f l u x e d  w i th  o h l o r a n i l  i n  x y le n e  
f o r  3 h o u r s  b u t  a l th o u g h  some t e t r a c h l o r o h y d r o q u i n o n e  was 
i s o l a t e d  t h e  o t h e r  p r o d u c t s  w ere  o i l y  and c o u ld  n o t  b e  
i d e n t i f i e d .
T re a tm e n t  w i th  3J-bromo su o c in im id e  and b e n z o y l  p e r ­
o x id e  i n  c a rb o n  t e t r a c h l o r i d e ,  f o l lo w e d  by  t h e  a d d i t i o n  o f
104p o ta s s iu m  a c e t a t e  and a c e t i c  a c i d  and r e f l u x i n g  , was a l s o  
t r i e d  b u t  no b e n z t r o p o lo n e  o o u ld  be  i s o l a t e d .
H e a t in g  w i th  p o ta s s iu m  f e r r i c y a n i d e  i n  Ha^OC^on t h e  
w a te r  b a t h  f o r  6 h o u r s  gave  o n ly  gummy p r o d u c t s .
P r e p a r a t i o n  o f  i s o n i t r o s o b e n z s a b e r o n e  (m ethod o f  B o rsc h e  and 
B o th 102 ; .
Benz sab e ron e  (10  g . j  was added to  sodium ( 1 .4 5  g . ,  
a to m ised  u n d e r  x y le n e ;  u n d e r  d ry  e t h e r  (4u m l . J ,  th e  m ix tu r e  
c o o le d  i n  i c e  and f r e s h l y  d i s t i l l e d  i s o amyl n i t r i t e  ( 7 .3  g . )  
added i n  p o r t i o n s .  A f t e r  a  few  se co n d s  d e la y  a  v i o l e n t  
r e a c t i o n  s e t  i n  and th e  l i q u i d  tu r n e d  d a rk  r e d .  A f t e r  t h i s  
h a d  s u b s id e d ,  t h e  r e a c t i o n  m ix tu r e  was k e p t  i n  th e  r e f r i g e r a t o r  
f o r  3 d a y s ,  by w hich  t im e  a l l  t h e  sodium h a d  d i s s o l v e d .  I c e  
w a te r  was now added, t h e  aqueous l a y e r  s e p a r a t e d ,  a c i d i f i e d  
w i th  a c e t i c  a c i d  and e x t r a c t e d  w i th  e t h e r  w hich  was washed 
w i th  UagCO^, d r i e d  and e v a p o r a t e d ,  g i v in g  a  t h i c k  o i l  w hich  
was c o o le d  in  a  f r e e z i n g  m ix tu r e  and t r i t u r a t e d  w i th  GCl^.
I’h e  r e s u l t i n g  s o l i d  was c r y s t a l l i s e d  from  c a rb o n  t e t r a c h l o r i d e ,  
p a le  cream  n e e d l e s  m .p .  134-135°  ( l i t .  1 3 3 -1 3 4 ° ) .
t r e a t m e n t  o f  t h i s  monoxime w i th  e x c e ss  h y d ro x y lam in e  
h y d r o c h l o r i d e  i n  a l k a l i  gave  a  d iox im e  m.p .  1 8 8 - 1 8 9 ° /a q .  
e th a n o l  w hich gave  a  y e l lo w  f l o o c u l e n t  p r e c i p i t a t e  w i th  
n i c k e l  s a l t s .
A ttem p ted  h y d r o l y s i s  o f  i s o n i t r o s o b e n z s u b e r o n e  ( o f .  P e r k i n ,
103R o b e r ts  and R obinson  ) .
I  s o n i t r o  sob enz sub e ro n e  (160 m g.) was d i s s o l v e d  i n  
f o r m a l in  (8 m l . )  i n  t h e  c o ld  and c o n c .  n01 (5  m l . )  added
s lo w ly  w ith  sh a k in g .  As t h e r e  was no a p p a r e n t  r e a c t i o n  th e  
s o l u t i o n  was g e n t l y  warmed (4 0 ° )  and a f u r t h e r  3 -4  m l.  c o n c .  
HC1 a d d ed . An o i l  t h e n  s e p a r a t e d  which c r y s t a l l i s e d  on 
c o o l i n g ,  g i v in g  lo n g  w h i te  n e e d l e s  (85  m g.) r e c r y s t a l l i s e d  
from  p e tro le u m  m .p .  8 4 -8 5 ° .  (Pound : C, 6 6 .7 8 ,  M, 5.98$;,
H n i l ;  r e q u i r e s  C, 6 6 . 6£,H , 6 .0 2 $ ) .
T h is  compound gave no f e r r i c  c h l o r i d e  c o l o u r a t i o n  and 
was i n s o l u b l e  i n  d i l u t e  BaOH o r  XGE. P u s io n  w i th  KQH a t  
180 -2 5 0 °  f o r  1 h o u r  gave f i r s t  a  b lu e  c o lo u r  and th e n  a  p in k  
c o l o u r ,  b u t  on c o o l i n g  and ad d in g  w a t e r  t h e  s t a r t i n g  m a t e r i a l  
was a lm o s t  c o m p le te ly  r e c o v e r e d  unchanged .
I t  gave no p r e o i p i t a t e  w i th  m e r c u r ic  c h l o r i d e  i n  
aqueous a lc o h o l  ( t e s t  f o r  o x a z o le s  and i s o x a z o l e s ) .
Warming w i t h  2 : 4 - d i n i t r o p h e n y l h y d r a z i n e  i n  aq* RC1 
gave  a  y e l lo w  p r e c i p i t a t e .
O x id a t io n  o f  su b e ro n e  w i th  se le n iu m  d i o x i d e :  s u b e r a n - l : 2 -
d io n e ,  X X V III.
A s o l u t i o n  o f  s e le n iu m  d io x id e  (20  g . )  i n  e th a n o l  
(200  m l . )  w as added i n  p o r t i o n s  to  su b e ro n e  (20  g . )  o v e r  
2 h o u r s ,  a t  t h e  b o i l i n g  p o i n t ,  and r e f l u x i n g  c o n t in u e d  f o r  
a n o th e r  h o u r s .  A f t e r  f i l t e r i n g  from  se le n iu m  and 
e v a p o r a t i n g  th e  s o l v e n t ,  t h e  r e s i d u e  was d i s t i l l e d  i n  v a c .  
g i v in g  f i r s t  a  p a le  y e l lo w  f r a c t i o n  b . p .  ^  1 0 4 ° / l7  mm.
( 2 .5  g . )  and th e n  a  d e e p e r  y e l lo w  l i q u i d  b . p .  1 0 4 - 1 1 0 ° / l7  mm.
(80$) ( l i t .  1 0 7 - 1 0 9 ° / l7  mm.1 0 ^) . The l a t t e r  f r a c t i o n  g iv e s
an oxime m .p .  173-175°  a f t e r  c r y s t a l l i s a t i o n  from  w a te r  
/ o( l i t .  d iox im e m .p .  181-182  ) ,  and an e x tre m e ly  i n s o l u b l e  
( d i -  ?)  sem ica rb azo n e  m .p .  222-224° decomp. I t  c o u ld  n o t  be 
c o n d en se d  w i th  £ - p h e n y le n e  d iam ine i n  a l c o h o l ,  a c e t i c  a c id  o r  
a l c o h o l / p y r i d i n e . I t  was l a r g e l y  s o l u b l e  i n  c o ld  5ffc KGK, 
b u t  r e s i n i f i c a t i o n  to o k  p l a c e  and o n ly  a  sm a ll  amount o f  
d i k e t c n e  c o u ld  be r e c o v e r e d  from  t h e  a l k a l i n e  s o l u t i o n .  I t  
g i v e s  a  brown c o lo u r  w i th  f e r i n e  c h l o r i d e .
A ttem p ts  a t  d e h y d ro g e n a t in g  s u b e ra n d io n e  w i th  
p a l l a d i s e d  c h a r c o a l  i n  t r i c h l o r o b e n z e n e  gave  o n ly  p h e n o l ic  
s m e l l in g  t a r s ,  p a r t l y  s o l u b l e  i n  a l k a l i ,  from  w hich  however 
no c r y s t a l l i n e  p ro d u c t s  were o b t a i n e d .
B ro m in a t io n  o f  s u b e ra n d io n e  : t e t r a b r o m o s u b e r a n d io n e .
S u b e ran d io n e  (5  g . )  was d i s s o l v e d  i n  g l a c i a l  a c e t i c  
a c i d  (2 0  m l . ) ,  c o o le d  t o  0° and b rom ine  (25  g . )  ad ded .
V ig o ro u s  r e a c t i o n  to o k  p l a c e  w i th  e v o l u t i o n  o f  HBr. A f t e r  
warming g e n t l y  and a l lo w in g  t o  s t a n d  f o r  1 h o u r  t h e  s o l u t i o n  
was f lo o d e d  w i th  w a t e r  and th e  p r e c i p i t a t e d  o i l  r e c r y s t a l l i s e d  
from  aq* a c e t i c  a c i d  and t h e n  b e n z e n e /p e t ro le u m ,  m .p .  8 2 -8 4 °  
( 3 .5  g . ) .  (Pound: C, 1 8 .4 6 ,  n ,  1 .7 5 ,  h r ,  7 2 .1 9 $ ;
C^H^O Br^ r e q u i r e s  G, 1 9 .0 1 ,  H, 1 .3 6 ,  B r ,  7 2 .4 0 $ ) .
T h is  oompound g iv e s  no c o l o u r a t i o n  w i th  f e r r i c
110 .
c h l o r i d e .
A tte m p ts  a t  d e b ro m in a t in g  t b i s  compound b y  h e a t i n g  on 
th e  w a te r  b a t h ,  o r  r e f l u x i n g ,  w i th  p y r i d i n e  gave o n ly  t a r r y  
p r o d u c t s  w i th  a  p h e n o l ic  s m e l l .
S i m i l a r  t r e a tm e n t  o f  s u b e ra n d io n e  w i th  2 m o ls .  b rom ine  
gave  o i l s  from which no c r y s t a l l i n e  p ro d u c t  c o u ld  b e  i s o l a t e d .
B ro m in a t io n  and o x i d a t i o n  o f  s u b e ra n d io n e  : b ro m o tr o p o lo n e .
S u b e ran d io n e  (2  g . )  i n  g l a c i a l  a c e t i c  a c id  (10  m l . )  
w$s t r e a t e d  w i th  b ro m in e  (30$ s o l u t i o n  i n  a c e t i c  a c id ,
19 m l.  b 2 .1  m o l . ) .  A f t e r  d e c o l o u r i s a t i o n  ( i n  t h e  c o l d ) ,  t h e  
s o l u t i o n  was h e a t e d  on t h e  b o i l i n g  w a te r  b a t h  f o r  \  h o u r  and 
th e n  a l lo w e d  to  c o o l  s lo w ly  d a r in g  2 h o a r s ,  a f t e r  w h ich  i t  
was v e r y  d a rk  brown i n  c o l o u r .  I t  was now p o u re d  i n t o  KQH 
s o l u t i o n  (8 0  g .  i n  250 m l . ) ,  t h e  s o l u t i o n  e x t r a c t e d  w i th  
e t h e r ,  a c i d i f i e d  w i th  HC1, s a t u r a t e d  w i th  s a l t  and e x t r a c t e d  
w i th  e t h e r  and e t h y l  a c e t a t e .  The e x t r a c t s  were washed w i t h  
s a t u r a t e d  b r i n e ,  d r i e d  and e v a p o r a te d  g i v in g  a  brown r e s i d u e  
w hich  g r a d u a l l y  c r y s t a l l i s e d .  T h is  was d i s t i l l e d  a t  9 0 ° /
0 .1  mm. g iv in g  a  p a l e  y e l lo w  l i q u i d  w hich  s o l i d i f i e d  i n  t h e  
r e c e i v e r  and was r e - c r y s t a l l i s e d  from c y c l o h exane to  g i v e  
cream  c o lo u r e d  p r ism s  m .p .  1 02 -1 05°  (660 m g . ) .
(Pound: 0 ,  1 2 .3 0 ,  H, 2 .6 1 ,  B r, 39.67?t; C^HgOgBr r e q u i r e s
C, 4 1 .8 2 ,  fi, 2 .5 1 ,  B r ,  3 9 .7 6 $ :  CyH^OgBr w ould  r e q u i r e
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0 , 4 1 .0 0 ,  H, 4 .4 2 ,  .br, 38.97°/i).
T h is  compound i s  s o l u b l e  i n  d o t  w a te r  b u t  n o t  r e a d i l y  
i n  c o l d .  I t  g iv e s  a  y e l lo w  c o lo u r  to  c o l d  itiaHGO s o l u t i o n ,  
d i s s o l v e s  i n  c o ld  iaaOH to  a  y e l lo w  s o l u t i o n ,  and i n  c o l d  conc . 
j±G1 -  b u t  w i th  no c o l o u r .  A m e th an o l  s o l u t i o n  g iv e s  a  
s t r i k i n g  g re e n  c o lo u r  w i th  a q .  f e r r i c  c h l o r i d e .  A KQH 
s o l u t i o n  w i t h  d i a z o t i s e d  tf^ -n a p h th y la m in e  g iv e s  a  red -b ro w n  
c o lo u r ,  and a  p r e c i p i t a t e  on  s t a n d i n g .  A c h lo ro fo rm  s o l u t i o n  
( c o l o u r l e s s )  t u r n s  g r e e n  on sh a k in g  w i th  a q .  c o p p e r  a c e t a t e  
s o l u t i o n .  Ho p r e c i p i t a t e  was form ed on h e a t i n g  w i th  
2 : 4 - d in i t r o p h e n y l h y d r a z i n e  i n  a q .  HG1 o r  MeCH/HgSO^.
H y d ro g e n a t io n  of b ro m o tro p o lo n e .
The bromo oompound (150  m g.) was h y d ro g e n a te d  o v e r  
2$ p a l l a d i s e d  s t r o n t iu m  o a rb o n a te  (300 m g .) ,  i n  m e th an o l  
s o l u t i o n .  A b s o rp t io n  s low ed  a f t e r  t h e  u p ta k e  o f  18 m l.
(= 1 m o l . )  and s to p p e d  c o m p le te ly  a t  2 6 .5  m l .  (« 1 .5  m o l . ) .
She s o l u t i o n  was now f i l t e r e d  and  some g l a c i a l  a c e t i c  a c id  
added to  l i b e r a t e  t h e  o r g a n ic  m a t e r i a l  from  any s t r o n t iu m  
s a l t  wbich m ig h t  be fo rm ed , t h e  s o l v e n t  e v a p o r a te d  and t h e  
r e s i d u e  d i s t i l l e d  a t  1 5 0 -1 6 0 ° /2  mm. A c r y s t a l l i n e  d i s t i l l a t e  
(55  m g.) was o b t a in e d ,  t h e  r e m a in d e r  o f th e  m a t e r i a l  i n  t h e  
f l a s k  g iv in g  a  s t r o n t iu m  f lam e  t e s t .  T h is  d i s t i l l a t e  was 
r e - c r y s t a l l i s e d  from  a  v e r y  sm a l l  q u a n t i t y  o f  i s o p r o p y l
a l c o h o l ,  and th e n  su b lim e d  a t  8 0 ° / 0 .4  mm. W hite  n e e d l e s  
m .p . 73 -75°  ( s o f t e n i n g  5 9 ° ) .  The compound s t i l l  gave th e
B e i l s t e i n  t e s t  f o r  h a lo g e n s .  ( fo u n d :  G, 4 6 .8 0 ,  4 7 .6 6 ,
H, 4 .8 9 ,  5 . 0 ( $ ) .
T h is  compound was h y g r o s c o p ic ,  v e r y  s o l u b l e  i n  
a l c o h o l s ,  l e s s  so i n  c h lo ro fo rm  and e t h e r ,  and on h e a t i n g  
w i th  e t h y l  a c e t a t e  gave a h i g h l y  c r y s t a l l i n e  m a t e r i a l  which 
was i n f u s i b l e  a t  t h e  b o i l i n g  p o i n t  - p o s s i b l y  an a d d i t i o n  
compound. I t  gave  a  g re e n  f e r r i c  c h l o r i d e  t e s t ,  d i s s o l v e d  i n  
c o ld  b i c a r b o n a t e  s o l u t i o n  w i th  v ig o ro u s  e f f e r v e s c e n c e  t o  g iv e  
a  p a l e  y e l lo w  s o l u t i o n ,  and gave no p r e c i p i t a t e  w i th  £ 14- 
d i n i t  r o p h e n y lh y d r  a z in e  i n  a q .  HCl. The c o p p e r  w i r e  ( B e i l -  
s t e i n )  t e s t  and sodium f u s i o n  i n d i c a t e d  t h e  p re s e n c e  o f  h a lo g e n .
C om parison  o f  t h e  above p r o p e r t i e s  w i th  th o s e  o f  
c a t e c h o l  (w hich  a l s o  g i v e s  a  g r e e n  f e r r i c  t e s t )  showed t h e  
• l a t t e r  t o  be q u i t e  d i s t i n c t .
A s i m i l a r  m a t e r i a l  was a l s o  o b t a i n e d  b y  b r o m in a t io n  o f  
s u b e ra n d io n e  i n  p r e s e n c e  o f  p o ta s s iu m  a c e t a t e .
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